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ERRATA 
p. 24, line 32: 
causes a smaller segment gap than permanent 
p. 25, line 4! 
permanent, complete cons t r ic t ion . 
p. 59, Ime 14 and p . 96, l ine 20: 
resulting from damage by permanent constriction. 
p. 96, line 31: 
t i t l e changed in : Inconsistency of sequence and element 
polar i ty and periodic polar i ty reversals in double abdo-
mens of Call os obru chus (to be submitted to Wilhelm Rotuc' 
Archiv). 
p. 110, legend Fig. 3, l ine 2 
p . 114» legend Fig. 4» l ine 3 
p . 118, legend Fig. 5» Ime 4 : 
replace abcissa by: abscissa. 
p. 169, legend Fig. 4c, l ine 10: 
add: original abdomen points downwards. 
In the f i r s t three chapters the expressions "anter ior" and "posterior 
pa r t i a l blastoderm" are used to indicate the front and hind part of a 
constricted egg in the blastoderm stage. The expression "double b las -
toderm" was used when the two pa r t i a l blastoderms were contained in 
the same egg. From chapter IV onwards the expressions have been chan-
ged in (anterior or posterior) un ipar t i t e blastoderm and b ipa r t i t e 
blastoderm, respectively, because the former ones were ambiguous. A 
pa r t i a l blastoderm also indicates an incompletely formed blastoderm 
in a non-constricted egg, while a double blastoderm also applies to 
a two-layered blastoderm. 
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PREPACE 
This thesis consists of six chapters, each of them written in the form 
of a manuscript ready to be submitted to a journal. This explains why-
each chapter has its own list of references. In any one chapter refer-
ence to the other chapters is made via its reference list and the 
table of contents. 
The completion of this thesis gives me the opportunity to sincerely 
thank Prof. Klaus Sander and Dr. Job Paber for their painstaking ef-
forts in reviev/ing all the manuscripts and for many essential suggest-
ions to improve their content and. style. I also thank Prof. J. Manuel 
Denucé, Prof. Sheila Counce, Dr. David Miyamoto and Dr. Hans Meinhardt 
for their critical comments. I wish to express my appreciation for the 
important contributions of Dr. Job Paber, Prof. Pieter D. Nieuwkoop, 
Prof. Klaus Sander and Dr. Vii 11 em J. Ouweneel to my scientific inter-
ests and education. The Faculty of Science of the Catholic University, 
Nijmegen enabled me to attend several courses and symposia which broad-
ened my scientific outlook and brought me into contact with several 
much appreciated friends and colleagues. This holds particularly for 
the ISDB Symposium on Polarity and Morphogenetic Fields (Hubrecht La-
boratory, Utrecht, March 1976), the organizing committee of which I 
thank for giving me permission to attend. 
I am much obliged to Prof. J. Manuel Denucé who generously gave me the 
freedom and the means to proceed with this investigation. The skill of 
Mrs. E.A.J. Derksen in accurate typing this thesis deserves a special 
mention. Mr. M.C.J. Groos and Mr. H.J.M. Spruyt gave expert help with 
the illustrations. The generous way in which the necessary facilities 
were provided by Mr. J. Gerritsen is highly appreciated. Thanks are 
due to Mr. W.H. van Doesburg and Mr. W.A.J.G. Lemmens for their help 
with parts of the statistical analysis. The supply of pea-beetles 
(Callosobruchus maculatus Fabr.), received from the Pest Infestation 
Control Laboratories (Slough, Buckinghamshire, U.K.), guaranteed the 
undisturbed continuity of the experiments. The following graduate 
students contributed to parts of the experimental work: J.B.M.M. Brok, 
F.J.W. Essers, G.J. Jeucken, M. Kurvers-Meij, J. Sekhuis, T. Vader and 
L.Th.G.M. Willems. 

I. 
GENERAL ШТНСШСТІШ 
"To obtain some understanding of the problems connected with form and 
pattern in biology, the most effective strategy has proved to be: to 
begin with a phenomenological approach directly at the level of orga­
nization at which a particular form of interest is manifested, and 
then to attempt to relate this phenomenology to deeper aspects of or­
ganization; rather than to immediately attempt to derive aspects of 
organic form from the lowest organizational levels. Because, except 
in the vaguest and most general terms, the problems of organic form 
have been essentially untouched by the enormous advances in biochem­
istry which characterize what is called modem biology" (Rosen, 1972). 
These words, still true today, state in a nutshell my strategy in the 
approach of a basic question in developmental biology, that is how in 
the course of embryogenesis, starting from the fertilized egg, sueci-
fic parts of the adult are reproducibly formed from specific positions 
m the embryo. Рог the study of this region-specific cell differentia­
tion insects have some distinct advances over other animals such as 
echmoderms, fishes and amphibians. The insect body plan both m the 
adult and in the larva is organized into a linear array of segments. 
Segment-specific cuticular markers, such as bristles, and their spati­
al organization provide sufficiently detailed and easily accessible 
information about the effects of experimental intervention on region-
specific cell differentiation. However, there is a basic assumption in 
all work of this type (not only in the present study) which should be 
emphasized. This assumption is that spatial (anteroposterior) segment 
order or "sequence polarity" (Kalthoff, 1976) is a late expression of 
an underlying asymmetry or polarity present m the egg. This asymmetry 
probably becomes established as early as during oogenesis (Bull, 1966; 
Nusslein, 1977)· In the present study all conclusions concerning the 
mechanisms underlying segment "soecification" (Sander, 1976) are based 
on observations of the normal or abnormal expression of the segment 
pattern. However, apart from affecting specification, experimental in­
tervention also interferes with processes like cellular differentiati­
on and morphogenesis sensu stricto, which together with specification 
determine the characteristics of the final expression of the metamerie 
pattern. 
It should be noticed that early insect embryogenesis is rather diver­
gent when compared with corresponding stages m the development of 
other animal groups. Whereas m the latter fertilization is followed 
by simultaneous multiplication of cells and nuclei, the insect egg 
first passes through a phase of nuclear multiplication without a cor­
responding subdivision into cells. Only after several thousands of nu­
clei are oresent m the egg do they migrate to the egg surface, where 
the cellular blastoderm stage is only reached when cell membranes have 
formed to separate the nuclei from each other. The egg cell thus shows 
a syncytial phase, which is important when the plausibility of differ­
ent mechanisms of pattern specification has to be considered m the 
insect egg. This difference centres around the question whether or not 
intercellular communication is required in models describing segment 
specification. In insects a considerable part of pattern specification 
probably takes place in an essentially unicellular system, which is 
more comparable to the situation in the ciliates, for instance, than 
I I . 
in echinoderms, f i she s or amphibians. On the o the r hand, p a t t e r n ex-
p ress ion in i n s e c t s t akes place in a m u l t i c e l l u l a r system, whereas in 
the c i l l â t e s t h i s i s a l so confined t o the u n i c e l l u l a r system (Pranke1, 
1974)· A f u r t h e r d e s c r i p t i o n of p o s t - b l a s t odermal embryogenesis w i l l 
not be given h e r e , because i t has been shown t h a t segmental commitment 
i s f i n i shed by about the c e l l u l a r blastoderm s tage (Lawrence, 1973; 
Wieschaus and Gehnng , 1976; S t e i n e r , 1976; Lawrence and Morata, 1977) 
and we consequently did not extend our experiments t o much l a t e r s t a -
ges . 
Prom a h i s t o r i c a l point of view t h i s i n v e s t i g a t i o n bu i ld s on e x p e r i -
ments with the pea -bee t l e Callosobruchus maculâtus , which were s t a r t e d 
by Brauer and co-workers at about the time Seidel performed h i s c l a s -
s i c a l l i g a t i o n experiments on the egg of the damsel f l y , Platycnemis 
pennipes (Brauer, 1935-1937, 1938; Brauer and Taylor , 1934, 1936; 
S e i d e l , 1929, 1931, 1934, 1935, 1936). The fol lowing cons ide ra t ions 
more s p e c i f i c a l l y prompted our c o n s t r i c t i o n experiments with Ca l l o so -
bruchus eggs . Brauer and Taylor (1936) concluded from t h e i r l i g a t i o n 
and thermolesion experiments t h a t segment p a t t e r n formation in Ga l lo -
sobruchus eggs i s c o n t r o l l e d by segmental i n s t r u c t i o n s o r i g i n a t i n g 
from the p o s t e r i o r egg region and moving a n t e r i o r l y ( i . e . , p . 147). 
S u r p r i s i n g l y , on the b a s i s of d u p l i c a t i o n s of the l o n g i t u d i n a l and 
t r a n s v e r s e body p a t t e r n obta ined a f t e r permanent complete and incom-
p l e t e a n t e r i o r c o n s t r i c t i o n , these authors a l so p o s t u l a t e d an a n t e r i -
or " i n t e g r a t i n g c e n t r e " ( i . e . , p . 143) but did not i nco rpora t e i t i n t o 
t h e i r d i scuss ion of the genera l mechanism of segment s p e c i f i c a t i o n . I t 
i s s t r i k i n g , however, t h a t Jung (1966) found no d u p l i c a t i o n s of any 
type in the eggs of the c lo se ly r e l a t e d bean-bee t l e Bruchidius ob tec -
tu s in h i s ex tens ive complete and incomplete l i g a t i o n exper iments . On-
ly a f t e r t r a n s l o c a t i o n of a n t e r i o r pole ma te r i a l wi th in the egg f o l -
lowed by a n t e r i o r l i g a t i o n , did seven out of a hundred analysable 
germ-bands show d u p l i c a t i o n s (Jung and krause, 1967). Brauer and Tay-
l o r ' s r e s u l t s thus appeared t o be somewiat off the genera l t r ends e s -
t a b l i s h e d for t h i s type of embryo. In order t o extend and c l a r i f y the 
observa t ions of Brauer and Taylor (1936), permanent incomplete con-
s t r i c t i o n s (Ch. l ) and permanent complete c o n s t r i c t i o n s (Chs. I , I I ) 
were performed on eggs of Cal losobruchus . 
During normal embryogenesis s p e c i f i c s e t s of blastoderm c e l l s are 
thought t o becomi» i n s t r u c t e d t o form speci f ic segments e i t h e r by the 
pos i t ion-dependent concen t ra t ion of one morphogen or by the p o s i t i o n -
dependent r a t i o of t h e concen t ra t ions of two norphogens, one of a n t e r -
i o r and one of p o s t e r i o r o r i g i n . When insect ìggs are d iv ided i n t o an-
t e r i o r and p o s t e r i o r fragments by c o n s t r i c t i o i m an e a r l y s t a g e , the 
r e s u l t i n g p a r t i a l embryos or l a rvae präsent a metamerie p a t t e r n which 
i s cha rac t e r i zed by a segment gap (Kalthoff, 1976; Sander, 1976). The 
gap phenomenon i s c u r r e n t l y i n t e r p r e t e d as r e s u l t i n g e i t h e r from i n -
t e r f e r ence of the c o n s t r i c t i o n with the t r a n s p o r t of segmental i n -
s t r u c t i o n s (Sander, 1976), or from the r e d i s t r i b u t i o n of i n s t r u c t i o n s 
a f t e r c o n s t r i c t i o n and the i n t e r f e r e n c e of c e l l u l a r commitment with 
t h i s r e d i s t r i b u t : o n (Meinhardt, 1977). Whate\er the d e t a i l s of the 
e f fec t of e a r l y c o n s t r i c t i o n on the i n s t r u c t i o n s , c o n s t r i c t i o n would 
r e s u l t m the absence on e i t h e r s ide of the c o n s t r i c t i o n of a number 
of s p e c i f i c i n s t r u c t i o n s , and thus in the absence of the correspond-
ing segments. 
I I I . 
I t i s p o s s i b l e a p r i o r i t h a t t h e absence of segments i s caused by da­
mage t o a p u t a t i v e mosaic of p r e l o c a l i z e d segment d e t e r m i n a n t s , and 
has n o t h i n g t o do with t h e d i s turbance of an e p i g e n e t i c mechanism of 
segment s p e c i f i c a t i o n . Various arguments render t h i s p o s s i b i l i t y un­
l i k e l y (Herth and Sander, 1973) but only r e c e n t l y was the damage hy­
p o t h e s i s t e s t e d e x p e r i m e n t a l l y . A c o n s i d e r a b l e amount of mechanical 
d i s t u r b a n c e was i n f l i c t e d upon eggs by c o n s t r i c t i o n immediately f o l ­
lowed by de const n e t i o n . The eggs in which t h e a n t e r i o r and p o s t e r i o r 
ooplasm re-fused were cons idered as an adequate t e s t because of t h e 
p o s s i b i l i t y of a r e - e s t a b l i s h m e n t of h y p o t h e t i c a l communication b e ­
tween t h e two egg p a r t s . Spontaneous r e - f u s i o n of t h e a n t e r i o r with 
t h e p o s t e r i o r ooplasm has been observed in E u s c e l i s (Armbruster and 
Sander, unpubl i shed: c i t e d from Sander, 1975), S m i t t i a (Sander, 1975) 
and Drosophi la (Vogel, 1977)· In Drosophi la communication between t h e 
two egg fragments was r e s t o r e d by punctur ing t h e b a r r i e r produced by 
l i g a t i o n (Schubiger e t a l . , 1977)· In a l l cases i t was found t h a t n o r ­
mal embryos or la rvae can develop from re- fused egg p a r t s . These expe­
r iments were repeated in Callosobruchus with a s e r i e s of b r i e f tempo­
r a r y c o n s t r i c t i o n s (Ch. I I I ) . As soon as i t appeared t h a t not only 
normal la rvae but a l s o a number of i n t e r e s t i n g p a t t e r n a b n o r m a l i t i e s 
r e s u l t e d from re-fused as well as non-fused eggs, t h e experiments were 
extended. Temporary c o n s t r i c t i o n s of vary ing d u r a t i o n and at d i f f e r e n t 
s t a g e s and l e v e l s of c o n s t r i c t i o n were c a r r i e d out t o study t h e tempo­
r a l dynamics of both n o n - s p a t i a l and s p a t i a l segment gaps (Ch. I V ) . 
The same experiments a l s o made i t p o s s i b l e t o study t h e r e l a t i o n s h i p s 
between severa] experimental v a r i a b l e s and t h e y i e l d of a p a r t i c u l a r 
type of p o s t e r i o r p a r t i a l l a r v a , which i s c h a r a c t e r i z e d by a p a r t i a l 
r e v e r s a l of segment order or "sequence p o l a r i t y " (double abdomens: 
Ch. V). In some temporary c o n s t r i c t i o n experiments t h e eggs were i n ­
d i v i d u a l l y observed in v ivo, and s e c t i o n s were s t u d i e d with t h e l i g h t 
and e l e c t r o n microscope t o l e a m more about t h e developmental o r i g i n 
of d i f f e r e n t types of segment gap and double abdomen. F i n a l l y , a d e ­
t a i l e d a n a l y s i s of c u t i c u l a r markers m double abdomens l e d us t o f o r ­
mulate some a d d i t i o n a l hypotheses, both on t h e formal l e v e l of d e s ­
c r i p t i v e models and on t h e physico-chemical and c e l l u l a r l e v e l s of 
b i o l o g i c a l o r g a n i z a t i o n . These concern t h e c h a r a c t e r i s t i c s of t h e seg­
ment-speci fy ing mechanism and i t s r e l a t i o n with t h e mechanism which 
c o n t r o l s in t rasegmenta l region-SDecif ic c e l l d i f f e r e n t i a t i o n (Chs. V, 
V I ) . 
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CHAPTER I 

A STUDY OF THE REGICNAL INTERACTIŒS RESULTING IN THE 
SPECIFICATICN OF METAMERIC ORDER IN THE INSECT 
CALLOSOBRUCHUS MACULATUS FABR. (COLEÓPTERA). 
I . Two types of incomplete segment p a t t e r n r e s u l t i n g 
from permanent c o n s t r i c t i o n damage. 
JITSE M. VAN DER MEER 
Department of Zoology, Ca tho l i c Un ive r s i t y , 
Toemooiveld , Nijmegen, The Nether lands 
1. 
SUMMARY 
Eggs of the pea-beetle С al1osobruchus were divided into two fragments 
in different stages of development. Both fragments were allowed to de­
velop into partial larvae. Their segment patterns were analysed using 
cuticular markers of cell differentiation. The general results of com­
plete and incomplete permanent constrictions are presented and segment 
patterns of normal and typical partial larvae are described. It is 
shown that constriction can result in the partial, and possibly com­
plete dropping of segments (a) indirectly by disturbance of a raorpho-
genetic process and (b) directly by damage to the egg structure which 
interferes with the normal segment specification. In addition the re­
sults allow to exclude the role of pulling forces exerted by extra­
embryonic membranes in dorsal closure, to discuss a possible stepwise 
specification of the dorsal transverse segment pattern and to doubt 
the old finding of tandem head duplications which could not be re­
peated. 
INTRODUCTIŒ 
Pattern formation can be defined as the development of spatially in-
tegrated sets of differentiated cells. Insects are very suitable to 
study pattern formation because of their relatively simple metamerie 
organization. Moreover each larval or adult segment can be recognized, 
at least in principle by cuticular pattern elements (markers) like 
bristles, hairs, stigmata etc. 
A reasonable description of the epigenetic establishment of segmen-
tal organization in insects is through the interaction of either two 
antagonistic signals (Krause and Sander, 1962; Kalthoff, 1976; Sander, 
1976b) or only one signal (Meinhardt, 197?)· The signal(s) would pro-
vide position-dependent instructions to the blastoderm cells to become 
committed to a specific segmental pathway of differentiation. 
When an insect egg is divided into two fragments in an early stage, 
the resulting anterior and posterior partial larvae each lack a number 
of segments near the constriction region. This so-called segment gap 
becomes filled after fragmentation at successively later stages. The 
constriction would directly interfere with the distribution of signals 
resulting in the absence of some instructions and their corresponding 
segments. The decrease of the gap size at successively later stages is 
interpreted to reflect the temporal dynamics of the segment specifying 
signals (for review see: Sander, 1976b). It has also been shown con-
vincingly that the gap is unlikely to result from mechanical damage to 
a mosaic of prelocalized segment determinants (Herth and Sander, 1973; 
Sander, 1975, 1976b). 
In the course of a study of the gap phenomenon in the egg of the 
pea-beetle Callosobruchus maculatus it was nevertheless found that the 
segment pattern can also be changed by damage inflicted on the egg 
structure by complete as well as incomplete permanent constriction. 
This study presents the general results and describes two specific 
effects of constriction, viz. the disturbance of morphogenetic move-
ments involved in the closure of the dorsal body wall and the occur-
rence of ooplasmic clefts after incomplete constriction. 
2. 
MATERIALS AND METHODS 
Adults. Pea-beetles (Callosobruchus maculatus РаЪг., syn. Bruchus qua-
drimaculatus РаЪг.) were kindly provided by the Pest Infestation Con­
trol Laboratories'! ). A stock culture was kept on green peas ( Pi sum 
sativum) in Drosophila culture tubes ($5 cm) with foam-rubber stop­
pers. The tubes with peas and beetles were placed in the dark in a 
30oC incubator provided with lOfa relative humidity (Brauer, 1925; 
Brauer and Taylor, 1936; Howe and Currie, 1964)· Under these circum­
stances development from egg deposition through four larval instars 
till the emergence of the adult lasts about four to five weeks (Howe 
and Currie, I964: Table IV). Tubes and boxes for egg deposition were 
treated once every two weeks with a 5$ solution of methyloxybenzoate 
(nipagine) in 96$ ethanol to prevent growth of fungus which serves as 
food for the dust-louse (Liposcelis divinatorus Mull.) and for mites. 
Infection with dust-lice appeared not to be dangerous to the beetles 
but is very inconvenient for those who have to handle them. Infection 
with mites (ifyrophagus putrescentiae Schrank.) had no injurious ef­
fects on the beetle culture. A special warning is necessary because 
prolonged exposure to beetles and/or pea powder may result m severe 
allergic reactions, which eventually will make any further work im­
possible. 
The adults are about 3-4 mm in length. The females are larger and 
can be recognized by their abdomen extending posteriorly from under 
the elytrae (Fig. 1a). The protruding abdomen shows a white median 
stripe and the elytrae are characterized by four dark spots (quadn-
maculatus). The males have a short abdomen and show a less pronounced 
coloration (Pig. lb). Both in males and females the colour may be red, 
black, white or tan according to the genotype (Breitenbecher, 1921). 
Рог further descriptive details of the adults axià. their egg-laying 
behaviour the reader should consult Brauer (1925)» Southgate et al. 
(1957) and Howe and Currie (1964). 
Eggs. Large numbers of eggs were obtained by collecting about a 
hundred young females in a box, covered with 0,5 mm mesh plankton 
gauze. An arbitrary number of males should also be added to stimulate 
egg deposition. The males are not necessary for fertilization because 
most of the females have already mated immediately after emergence 
from the peas. The sperm is stored in the receptaculum seminis and is 
sufficient for all subsequent fertilizations. V/hen eggs were needed 
the bottom of a box was covered with brown beans (Phaseolus vulgaris) 
and the beetles were gently placed on the beans with a brush. When the 
animals are carefully handled the deposition rate wall not be affec-
ted. A staging accuracy of ΐ 15 minutes was obtained by allowing de­
position periods of 30 minutes. The first egg collection can be used 
for experiments, because it was found that the eggs do not start em­
bryonic development already in the oviduct when the beetles are de­
prived of a laying substrate for longer periods (Van der Meer, unpu­
blished). Moreover control eggs were initially processed histological­
ly, but as it turned out that the stage controls did not show marked 
deviations from the established time-temperature table (Van der Meer, 
1978a) this was later omitted. The same deposition box could be used 
again after a period of about two hours during which the beetles were 
not disturbed. 
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After 30 minutes the beans axe separated from the beetles and are 
either put in tap water of 30oC for immediate removal of the eggs or 
stored at the desired temperature in a desiccator containing a glyce-
rol/water mixture providing 70^ R.H. A mixture of 64 Î 100 v/v glycerol 
in water will provide 70$ R.H. (± 5^) between 10 and 30oC (Johnson, 
194O)· The eggs were removed from the beans under a dissecting micro-
scope using a piece of blunted razor blade in a holder. The beans 
should first be soaked in tap water for five minutes to facilitate egg 
removal and to prevent the chorion from hardening. The eggs were col-
lected in embryo dishes containing insect Ringer (7.5 g NaCl, 0.35 g 
KCl, 0.21 g СаСІ2 added up to 1000 ml distilled water and sterilized) 
and were either used immediately or stored until the desired stage of 
development was reached. 
All damaged eggs were discarded. Special care was taken to remove 
also those eggs with an internal extraovate, i.e. with a small rift in 
the vitelline and egg cell membrane only. These eggs at first look al­
most normal. They can be recognized by looking upon the flat dorsal 
side in transmitted light. The narrow space which normally exists be­
tween the chorion and the vitelline membrane is then partially filled 
with yolk globules. The egg shape can be compared to that of one lon­
gitudinal half of a hen's egg (Pig. Id) and is particularly suited for 
carrying out constriction experiments with Sander's (l97l) pinching 
Fig. 1 
Dorsal views of a female (a) and male (b) of Callosobruchus maculatus 
Fabr. (с) Constricted egg as seen through the window of the constric­
tion apparatus. The anterior and posterior isolate each contain a par­
tial embryo, (d) Cellular blastoderm stage: vertical bar shows the 
constriction levels, (e) Egg constricted at 54% E.L. (arrow) at Ш42 
and constriction removed at NM 16-32. The plane separating the poste­
rior partial blastoderm from the anterior yolk mass shows a slight 
anterior shift to 58% E.L. (f) Egg constricted at 87% E.L. at stage 
NM 4-8 and constriction removed slightly before stage SBy. As a re­
sult of ooplasmic displacement from the smaller into the larger iso­
late, the anterior isolate is nearly completely empty. All eggs except 
(c) are shown from the ventral side with their anterior poles upward. 
The egg in (c) is shown from the dorsal side. The frayed outline of 
the eggs is the result of an adhesive substance, secreted by an acces­
sory gland of the female oviduct. It is poured out over the egg during 
deposition. In measuring constriction levels the dark outline of the 
chorion (d) and the mark left in the chorion by the razor blade (see 
arrows in e and f) are used as references. 
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apparatus. The flat dorsal side considerably facilitates orientation 
and constriction. By consequence the pinching for constriction always 
starts from the ventral egg surface. The average egg dimensions are: 
700 μιη long, 200 μιη wide and 15Ο μιη largest height. The micropyle is 
situated on the anterior surface of the chorion and not at the poste­
rior pole as was noted by Brauer (1925). 
Constriction procedure. The eggs were divided into two isolates 
with an apparatus containing a blunted razor blade, modified after 
Sander (1971) (Pig· 1c)· The eggs were handled and oriented on a slide 
covered with a piece of plastic foil using a hair-loop and a Zeiss 
dissecting binocular microscope. Slides with eggs were stored in a 
moist chamber (100$ R.H.) until use. Before constriction the position 
of the razor blade was adjusted to the approximate level of constric­
tion with an ocular micrometer. The desired approximate constriction 
level was established by expressing the distance measured from the 
outer edge of the chorion at the posterior pole (0$ E.L.) to the razor 
blade in percentages of the average total egg length (micrometer divi­
sions). Next the razor blade was lowered slowly, taking care not to 
make abrupt movements with the screw, which often resulted in the bur­
sting of eggs and in shock-wise streaming of ooplasm from the smaller 
into the larger egg fragment (see below). Complete as well as incom­
plete constrictions were carried out. Initially the tightness of the 
complete constrictions was checked by following the development of egg 
fragments of which the complementary fragment had burst. Development 
in these fragments was taken as an indication for the tightness of the 
constriction. Later another criterion was used. It took advantage of 
the fact that during the last phase of constriction individual yolk 
globules can be observed to move over the glittering edge of the razor 
blade in the direction of the larger egg fragment. The constriction 
was considered to be complete when moving yolk globules could no lon­
ger be observed on both extremes of the row of eggs and in the middle. 
Incomplete constriction WEIS achieved by orienting pieces of coated 
copper wire, with mean diameters of 58 μπι (54-62) and Hé μιη (111-121) 
at several places in the row of eggs. The razor blade was screwed down 
until the pieces of copper wire were slightly pressed. In this way 
slit sizes covering about 30-65$ of the maximal egg height (15Ο Mm) 
could be obtained. Because the underlying plastic foil may slightly 
swell in wate ^-saturated air or in fluorocarbon oil, these slit sizes 
are maximum estimates. The eggs were covered with a thin film of fluo­
rocarbon oil (Voltalef 10 s) to prevent dehydration and excessive rus­
ting of the razor blade. This dehydration evidently is the result of 
permeabilization of the chorion after constriction. Structural changes 
within the chorion may be produced by the high stretching forces ap­
plied to it. In Protophormia eggs this structural change produces 
translucency of the chorion (Berth and Sander, 1973). Next the appara­
tus with the eggs was stored in a tightly closed plastic box with 100% 
R.H. inside and incubated at 300C for seven to eight days. After this 
period a cuticle is formed, as shown by the heavily pigmented head 
parts. After removal of the constriction the eggs were collected in an 
embryo dish containing Ringer's solution. Constriction levels were de­
termined individually for each egg by using the mark of the razor bla­
de in the chorion. Fixation and mounting were carried out according to 
the first method described by Van der Meer (1977). 
Light microscopy. Constricted eggs were fixed in the blastoderm 
stage in ethanol 80$ : formaldehyde 40$ : glacial acetic acid = 17:1:2 
5. 
(v/v; 15 min. at 60 С). After this initial fixation the chorion was 
removed with sharp tungsten needles and the eggs were fixed overnight 
at room temperature in new fixative. After washing in ethanol 80$ they 
were stained in toto Ъу adding some drops of thionine to the emhryo 
dish containing the eggs in ethanol TOfo (dissolve 1 g Gurr* s thionine 
in 10 ml ethanol 100$ at room temperature and make up to 100 ml with 
distilled water). After 30-60 minutes the eggs are stained sufficient­
ly dark to remain recognizable in paraffine. After dehydration the 
eggs were oriented in paraplast (Sherwood, 600C), using a dissection 
microscope and a hair-loop. Six micron sections were stained with Gei-
dies' modification of azan-novum (Schulze and Graupner, 196O). 
Normal stages at which constrictions were carried out are: MI (ana­
phase of first meiotic division), Ш 2 (nuclear multiplication stage 
with two nuclei), Ш16-32, SBy (young syncytial "blastoderm; nuclei 
have just arrived in periplasm; membranes not yet formed; protruding 
pole cells), Sun (middle syncytial blastoderm; radial cell membranes 
formed; protruding pole cells), GB (cellular blastode mi; tangential 
cell membranes formed) and VP (ventral plate; first histological dif­
ferentiation between ventral embryonic and dorsal extra-embryonic 
blastoderm; onset of gastrulation; cephalic furrow not yet formed). 
Cuticular markers used for identification of segments. The normal 
first instar larva consists of nineteen segments: five cephalic, three 
thoracic and eleven abdominal segments (Pig. 2). In order to facili­
tate recognition and discussion of the cuticular markers for thoracic 
and abdominal segments, each lateral half of the larva was divided 
into six longitudinal rows of markers, connected by broken lines in 
Pig. 2. 
Starting with the first one, the head, the successive cephalic seg­
ments are: labrum, antennae, mandibulae, maxillae and labium, all of 
which, except the last, can be easily recognized (Fig. 2, 4a). The 
labial segment can be recognized by the small labial lip situated in 
between the maxillae but somewhat posterior to them. The lip of the 
labium is occupied by two small bristles with a number of chaeta-like 
structures in between. A specific bristle pattern belonging to VMR 
also covers the labial field, although it is not sure whether the 
bristles belong to the maxillary or labial segment. They are situated 
in a left and right row between the lip and the anteroventral segment 
border of the first thoracic segment (Pig. 2b 2). Each row consists 
of three tristles of successively small, large and medium size in an­
teroposterior direction. On the dorsal side the head is characterized 
by the so-called head capsule (for further details, see: Brauer, 
1946). Externally the encapsulated part of the head is overlapped by 
a special chitinous plate: the cephalic shield (prothoracic plate, 
Nackenplaite). This becomes hea-vily sclerotized some hours before 
hatching. It projects laterally and posteriorly over the top of the 
head and possesses marginate teeth in its posterior half and more 
prominent medially placed teeth on its anterior part. 
The thorax. Each segment is characterized ventraDly by a pair of 
small legt; with a row of microchaetae in between. The first segment 
is specifically characterized by an additional small row of micro­
chaetae posterior to the main row and by the distance between the 
short and long VMR-bristles. Dorsolaterally it is distinguished by a 
specific oattem of bristles and knobs. A stigma is situated bilate­
rally on the border between TI and T2. T3 is specifically character­
ized by one or two small LR-bristles. 
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Fig. 2 
Dorsal (a), ventral (b) and lateral 
(с) view of mounted first instar 
larvae of Callosobruchus maculatus. 
Thin "broken lines indicate the fol­
lowing bristle rows: MR: dorsomedi-
an row, DLR: dorsolateral row, LR: 
lateral row, St: stigmatal row, VLR: 
ventrolateral row, VMR: ventromedian 
row. The small index "r" or "l" in­
dicates left or right. 
Abbreviations of cuticular segment 
markers : A1 through A11 : abdominal 
segments, Ant: antenna, Csh: cepha­
lic shield, He: head capsule, Lb: 
labium, Lbr: labrum, Md: mandíbula, 
Mx: first maxilla, Mxp: palpus ma-
xillaris, Sp: spine of A1, St: stig-
ma, T1, T2 and T3: first, second and 
third thoracic segment respectively. 
Thick broken lines in a2 and Ъ2 in­
dicate cuticular ruptures caused by 
the flattening of the larva during 
preparation. 
Photographs: Leitz phase-contrast 
obj. 10x, yellow-green filter. 
For details concerning specific seg^ -
ment differences: see text. 
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The abdomen. The following characteristics specifically define the 
successive abdominal segments: Al is characterized dorsally by the 
distance between the short DMR- and the long DLR-bristle; ventrolate-
rally by the spine and the long LR-bristle. A2 through A4 and A5 
through AT do not have characteristic differences to distinguish the 
segments within either group. However, A4 is distinguished from A5 by 
the additional long LR-bristle. The small LR-bristle is lacking in A9· 
This segment is further characterized ventrally by the short distance 
between the two small bristles of VMR and VLR, and dorsally by the 
short distance between the one DMR-bristle and the two DLR-bristles. 
Stigmata are also absent. AS can be distinguished from A9 by the long-
er distance between the two small bristles of VMR and VLR, and from AT 
by the number of VMR-bristles (one and three respectively). AIO is 
distinguished by the absence of ventral microchaetae and long DLR-
bristles, while A11 does not possess any marker apart from the slit-
shaped opening of the hindgut. 
It will be clear that almost all the segments of a partial larva 
can be identified individually without any difficulty except the two 
indistinguishable groups of abdominal segments. In cases of doubt 
about the individual segment characteristics the segments were simply 
identified by counting, starting from the lasl; posterior or the first 
anterior segment. Segments missing within a row of physically united 
segments were not encountered. Moreover, anterior partial larvae al-
ways started with the first cephalic segment, while posterior partial 
larvae always closed with the last abdominal segment. Therefore the 
segment pattern of an anterior or posterior partial larva can be char-
acterized by the serial number of the so-called border segment which 
is defined as the segment with which the partial larva ends near the 
constriction. Complementary segment patterns arising from one egg 
(called "bipartite development") were often found after later con-
striction. This sometimes resulted in a particular segment being di-
vided among the anterior and posterior partial larva. Because the 
presence of part of a segment is interpreted as the presence of the 
developmental capacity for the complete segment (see below), this si-
tuation would result in an apparent segment duplication, which was 
never really observed. Therefore segments split by the constriction 
were considered to belong to the anterior partial larva. This proce-
dure also avoids suggesting the formation of a normal larva from a 
posterior frELgment when the labrum was divided among the two partial 
larvae. A split last abdominal segment was never observed. 
RESULTS AND CONCLUSICÎTS 
I. Complete constriction 
General remarks 
In all stages there is a high percentage of eggs in which no partial 
larva LS formod from either egg frjigment (Table 1), e.g. as compared 
to Protophormia (Herth and Sander, 19T3: Table 2) or Bruchidius (Jung, 
1966). This may partly be the result of a high bursting percentage due 
to the internal pressure of the ooplasm and the peculiar egg dimen-
sions. On the other hand analysis a-t the hatching stage will inevita-
bly lea.d to a decrease in survival because developmental arrest occurs 
before as well as after the segmented germ band stage, at which Bruchi-
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dius segment patterns were analysed. For example the inability of the 
embryo to produce a cuticle would result in its dissolution during 
fixation in acetic acid/glycerol. The problem of the possible absence 
of cuticularization in some partial larvae and its effect on the re­
sulting data will be discussed elsewhere and it will be shown that 
absence of cuticularization has no effect on the results of permanent 
complete constriction experiments (Van der Meer, 1978c). Sometimes a 
cuticle is formed without any bristles, hairs and other markers of the 
normal segments. These cases were scored as undifferentiated larvae 
(Table 1). Partial larvae were categorized as not analysable when the 
individual segment markers occurred in unrecognizable spatial patterns. 
Eversion (see below), changes in shape and size, and excessive multi­
plication of individual markers in some cases also resulted in loss of 
recognizability. So-called local multiplication of pattern elements, 
which often concerned the A1 spine (duplica.tions and triplications) 
was found in roughly one percent of the analysable larvae. A small 
number of larvae with "remote constriction effects" was found. These 
are effects which cause the dropping out or the malformation of seg­
ments not situated near the constriction region. Constriction in the 
equatorial egg region could result in the lack or nialformation of the 
anteriormost (1.0 percent of analysable larvae) ani posteriormost 
(0.5 percent) segments. Likewise anterior constriction could result 
in defects in the posteriormost segments (1,0 percent) and posterior 
constriction could cause anterior defects (ca. 2.0 percent). 
Description of typical partial larvae 
Pig. 3b shows a dorsal view of a typical posterior partial larva with 
border segment A4 and also illustrates the regularly observed pheno­
menon of missing dorsal pattern elements (bristles etc.), whereas the 
ventral pattern elements of the segments in question are always pre­
sent ("vent ral i zed segments"). This was observed in 41/& of analysable 
partial larvae. The absence of dorsal structures is only observed in 
segments near the constriction, and most frequently in the region 
where the egg reaches its largest height at about 50-80% E.L. The dor­
sal defects can vary in degree, depending on distance to the site of 
constriction. The minimal defect is characterized by the lack of only 
the most dorsomedian structures as shown by the BMR and DLR bristle 
groups of A7 which approach each other and those of Аб which have dis­
appeared. Pattern elements situated more dors©laterally and laterally 
drop out successively with decreasing distance from the constriction 
region. This is illustrated clearly by the approaching and eventual 
fusion of the left and right rows of stigmata in Pig. 3b. A few ex­
treme cases were found in which all segments of a posterior partial 
larva consisted only of ventral rows of microchaetae, on the ventral 
as well as on the dorsal side. The circumference of these segments was 
considerably decreased, while the scale of the ventral pattern of mi­
crochaetae was harmoniously increased, sometimes shox/ing duplication 
of single bristles (Fig. 3a: T3). 
Missing ventral pattern elements ("dorsalized segments") were found 
in about 1.5 percent of the analysable larvae. Dorsalizatior. always 
concerned one or two segments bordering the constriction region. 

Pig. 3 
(a) Lateral view of a typical anterior partial larva obtained after 
complete constriction at 495^  E.L. in CB and ending in segment A1. 
As a result of faulty dorsal closure the dorsal cuticular markers of 
T2 through A1 are absent. The ventral rows of microchaetae have ex­
tended in dorsal direction and are medially split into a left and 
right row. In T3 a local multiplication of a long bristle is seen. 
(b) Dorsal view of a typical posterior partial larva obtained after 
constriction at 52% E.L. in stage Ш 16-32 and ending in segment A4· 
Note gradual dropping-out of dorsal cuticular markers (MR, DLR) from 
A? onwards. The gradual approach and eventual fusion of the stigmata 
(St) and bristles of the lateral rows (LR) clearly show that the se­
verity of the dorsal defects increases with decreasing distance from 
the constriction level (compare Fig. 2a 2). 
Abbreviations: see Table 1 and Fig. 2. 
Photographs: Leitz phase-contrast obj . 25x, yellow-green f i l t e r . 
Fig. 4 
(a) Ventral view of normal cephalon showing cephalic markers separate­
ly, because of the obscuring halo in Fig. 2b1 . Bar: ^0 \m. 
(b) Example of symmetrical fusion of left and right maxillae (Mxl) in 
a small anter ior p a r t i a l larva. Line of b i l a t e r a l symmetry i s indica­
ted running over the fused maxillary pa lp i . Bar: 10 μιη. 
(c) Close-up of faulty dorsal closure i l l u s t r a t i n g fusion of T3 legs 
(L) and A1 spines (note the two accompanying b r i s t l e s (b) at the base 
of Sp, which remained separated). Bar: 10 μιη. 
Abbreviations: see Fig. 2. 
Photographs: Leitz phase-contrast, yellow-green f i l t e r . 
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A lateral view of a typical anterior partial larva is shown in Pig. 
3a. It terminates with the first abdominal segment and shows the dor-
sal extension of the ventral patterns of segments T1 through A1, com-
mon in cases of faulty dorsal closure. Pig. 4c shows the complete fu-
sion of the T3 legs on the dorsal side except for their tips. In very 
small anterior partiale fusion of maxillae (Pig. 4h), mandibulae or 
antennae is often observed. 
Although less frequently observed than the absence of dorsal struc-
tures, eversion was also a regularly encountered phenomenon in poster*-
ior partial larvae. A partially everted larva is shown in Pig. 5' bris-
tles and ventral microchaetae are pointing inward, whereas internal 
chitinized structures such as the hindgut and the tracheae are outside 
the larva. Eversion of all segments of a posterior partial larva has 
also been observed. Again it was most frequently observed after con-
striction between 30-80^E.L., where the egg attains its largest height. 
13. 
Fig. 5 
Posterior partial larva showing partial eversion of segments A? 
through All, whereas all segments up to and including terminal 
segment T1 show severe dorsal defects as a result of faulty dor­
sal closure. Note that tracheae and hindgut are protruding out­
ward, whereas bristles and ventral microchaetae point inward. 
This larva developed after complete constriction at 50/^  E.L. at 
stage Ш 16-32. Its anterior counterpart consisted of the labrum 
only. The cuticle joining the everted to the uneverted part is 
smooth. 
14. 
II. Incomplete constriction 
Table 2 shows the general results. A total number of 234 eggs were 
constricted in the anterior egg region in stages MI and Ш 2 , using 
slits of about 50 and 100 μιη. 
From an inspection of Table 2 it appears that posterior and anteri­
or partial larvae did develop from incompletely constricted eggs. This 
means that in a considerable number of cases the ooplasmic continuity 
still had been interrupted even though the constriction left a slit of 
50 or 100 μιη. 
Normal and complete larvae developed much more frequently when the 
ooplasmic slit was 100 instead of 50 Mm· The fraction of complete lar­
vae consists of larvae in which few pattern elements, like hairs, 
bristles or stigmata were missing in some segments. Some larvae with 
"ventralized" segments also belong to this fraction. 
Besides normal, complete and partial larvae seven so-called "lip 
at the belly"-larvae were found. These larvae consist of a physically 
united series of segments with one or more segments lacking in between 
(Fig. 8). Judging from the regular connection of both cuticular seg­
ments bordering the morphological gap no sign of an irregular growing 
together of the bordering segments could be observed. 
Pattern abnormalities of types which were also observed in perma­
nent, complete constrictions were found rarely and have not been taken 
into account in the analysis. These were "remote constriction effects" 
(7 percent) and one case in which only the dorsal half of a segment 
Weis present. 
DISCUSSICN 
I. Complete constriction 
Specification of the dorsal segment pattern 
The question can be raised whether the presence of only ventral seg­
ment halves indicates the presence of the development ail capacity for 
the complete segment. These so-called "ventralized segments" can be 
interpreted as resulting from a faulty dorsal closure as shown schema­
tically in Fig. 6b. In the constriction region the rather stiff chori­
on is forced down for some distance on either side of the razor blade. 
As a result the circumference which can be closed by dorsal closure 
decreases. This may result in premature dorsal closure, whereby a 
wedge of dorsal embryonic tissue either is not formed or is elimina­
ted. Because this is not the result of any process related to the me­
chanism of segment specification, ventralized segments indicate the 
presence of the capacity to develop the complete segment in complete 
as well as in incomplete constrictions. However, it should be empha­
sized that the dropping of dorsal structures might proceed to such an 
extent so as to result in the complete disappearance of the segment, 
although initially the instructions for its specification were pre­
sent. This might result in an overestimate of the effect on the gap 
size of interference with segment specification. 
The development of segments with ventral defects ("dorsalized seg­
ments") is difficult to explain on the basis of a disturbed dorsal 
closure. Obviously the absence of ventral structures would imply the 
absence of the dorsal counterparts too, because dorsal closure takes 
15-
Table 2 , Callosobruchus. Survey pf permanent, incompLete constrictions and overall results. 
Stage of constriction 
Approximate slit size(pm) 
Number Of eggs constricted 
Range of constriction 
levels (* E.L.) 
Normal larvae 
Complete larvae 
"Lip at the belly,,-larvaeb) 
69 
η 
2 
1 
0 
MI 
50 
22 
- 88 
% 
9 
5 
0 
66 
η 
13 
5 
1 
NH2 
50 
132 
i - 94 
% 
10 
4 
1 
52 
η 
45 
2 
2 
NM2 
loo 
80 
- 81 
« 
56 
3 
3 
NM16-32 
50 
16 
38 - 57 
η % 
1 6 
о о 
0 0 
SBy 
50 
73 
43 -
η 
13 
3 
4 
68 
% 
IS 
4 
6 
Analysable partial larvae 
formed in 
anter юг "fragments "only 
posterior"fragments"only 
both "fragments" 
Total number of analysable 
larvae 
No larval develojaoent in 
one "fragment" only 
:ither "fragment" 
Larvae not differentiated 
Larvae not analysable 
0 
4 
1 
8 
4 
13 
0 
1 
0 
18 
5 
36d) 
18 
59 
0 
5 
1 
13 
4 
36 
14 
90 
0 
4 
27 
11 
1 
10 
3 
68 
0 
3 
2 
3 
0 
52 
5 
24 
1 
1 
65 
6 
3 
4 
0 
30 
1 
1 
2 
0 
1 
4 
2 
12 
0 
0 
25 
13 
13 
0 
6 
75 
0 
0 
3 
1 
5 
29 
4 
44 
2 
0 
4 
1 
7 
40 
6 
60 
3 
0 
a) This category contains larvae possessing all nineteen segments, but occasionally lacking some 
pattern elements (bristles, etc.) or containing one or two "ventralized" segments in the 
constriction region, b) Larvae possessing a physically continuous series of segments in which 
one or two segments are missing (compare van der Meer, 1978a), с) Eggs which showed no development 
of a first larval instar because of bursting of the chorion and/or vitelline and egg cell membrane, 
or because of developmental arrest before deposition of a cuticle. 
Fig. 6 
Highly diagrammatic presentation of normal (a), premature (b), and 
reversed (c) dorsal closure. The latter two show cross sections 
through the egg region near the constriction, where the reduced 
egg space is assumed to result in faulty dorsal closure. Thin ar-
rows indicate direction of morphogenetic movements; thick arrows 
point to successive stages of dorsal closure. 
Abbreviations: a: amnion, ch: chorion, d: dorsal, ect.: ectoderm, 
mes.: mesoderm, s: serosa, v: ventral, y: yolk material. 
Explanation: see text. 
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place in a ventrodorsal direction. Specific disturbance to ventral 
segments after the completion of dorsal closure is also very unlikely. 
In this context an interesting question is whether bilateral pat-
terns of dorsal elements are specified to form a particular segment at 
the same time as their ventral bilateral counterparts. If we assume 
that the dorsal patterns are specified at about the same time as the 
ventral patterns, say at about the late cellular blastoderm or early 
ventral plate stage, then a premature confrontation of the two lateral 
rims of the germ band (Fig. 6b) might be expected to result in defor-
mation of the already existing dorsal pattern, but not in its absence. 
However, not only deformation was observed, but very often also absen-
ce of dorsal structures. Pig. 3b shows that with decreasing distance 
from the constriction region dorsal pattern elements drop out step-
wise, starting with the dorso-median elements and proceeding bilater-
ally to the more dorsolateral elements. Therefore, either instruction 
or commitment of the dorsal pattern is not yet completed before dorsal 
closure is finished. A commitment of cells which proceeds stepwise 
with time starting from the ventromedian region of the ventral plate 
and resulting in a bilateral spatial pattern, was proposed by Krause 
1953, 1962) and Krause and Krause (195?) for Tachycinest by Sander 
1976b) for the specification of abdominal segments in short germ-
types and by Summerbell et al. (l973) for proximodistal specification 
in the chick limb. 
If the observed defects are due to non-specification of the missing 
structures it should be assumed that premature confrontation of the 
two lateral rims of the germ-band blocks further specification steps 
in the progress zone, as does the cutting off, of the progress zone in 
the chick limb. It should be noted that the premature meeting of the 
body rims was not directly observed. 
17. 
Alternatively, the flanks of the germ-band may s t i l l possess c l a s -
s ica l embryonic f ie ld charac te r i s t ics during dorsal closure. I t has 
been shown that regulation pe r s i s t s longer in l a t e r a l (= prospective 
dorsal) regions of the germ anläge (Sander, 1976b). Fusion of incom-
plete ly extended dorsal body flanks might produce a dorsal anläge 
which i s too small to accomodate a complete left and r ight dorsal pat-
t e rn . Regulative processes might then resul t m the absence of medial 
parts and in the b i l a t e r a l l y symmetrical arrangement of the remaining 
l a t e r a l pa r t s . Analogous cases (e .g . cyclopia) have been observed af-
t e r fusion of the eye anlagen in Mollusca (Verdonk, 1968), Amphibia 
(Raven, 1966: p. I38) and after incomplete duplication of imaginai 
disc fragments in Drosophila (Lüönd, I96I; Ouweneel, 1972) and Ephes-
t i a (Kroeger, 1958)· All these cases essent ia l ly consist of a reduced 
duplicate anläge which produces a pattern with the medial parts lack-
ing. 
Which factor(s) are involved in the morphogenetic movements leading 
to dorsal closure? 
The everted embryos are also in te res t ing from a morphogenetic point of 
view. They can be explained along the same l ines as done above for 
faulty dorsal closure. When the lack of space in the egg i s more s e -
vere s t i l l , one may assume the closure movement to be reversed, as 
shown schematically in Pig. 6c. In most cases, but not in a l l , dorsal 
pattern elements were missing also in everted larvae . In the example 
shown in Pig. 5 eversion took place in the postenormost segments on-
ly . The decision which way the germ-band will fold may not only be 
determined by differences in egg space available as suggested in Pig. 
6c; chance may also play a ro le . Alternatively the lack of space m 
the anterior region of a poster ior i so la te might resul t in eversion of 
the postenormost segment only. Although both the antenormost and 
postenormost segments are s i tua ted in the narrow anter ior constr ic-
t ion region, eversion m the postenormost segments only, might be due 
to an aberrant contraction of the germ-band resu l t ing in eversion. 
Other posterior p a r t i a l larvae were found in which a l l segments showed 
eversion. While poster ior defects m posterior pa r t i a l larvae probably 
resul t from a disturbance of caudal plate extension, the anter ior de-
fects m anter ior pa r t i a l larvae cannot easi ly be explained. 
Nothing i s known concerning the forces which cause the l a t e ra l mar-
gins of the fully developed germ-band to extend so as to close the bo-
dy dorsal ly. Looking at l iv ing embryos and time-lapse films, Sander 
(1976a) guessed at a combination of growth, cel l rearrangement, ce l l 
deformation and perhaps pull ing forces. In Callosobruchus normal dor-
sal closure i s accomplished inside the intact serosal and amniotic 
membrane (Van der Meer, unpublished observations). Therefore i t i s 
assumed that reversed dorsal closure also takes place inside the am-
n io t i c membrane (Pig. 6 ) . The observation of pa r t i a l l y everted larvae 
then makes the role of pull ing forces from the extraembryonic mem-
branes very unl ikely. I t i s very d i f f icul t to imagine these membranes 
pull ing m opposite direct ions in different regions of the same par-
t i a l embryo. Therefore pull ing forces exerted by the extraembryonic 
membranes can be excluded from the possible factors involved m dor-
sal closure in Callosobruchus. 
18. 
II. Incomplete constriction 
Incomplete constriction can result in complete ooplasmic separation 
The occurrence of anterior and posterior partial larvae, both after 
using 50 and 100 pm slits, suggests that a complete ooplasmic separa-
tion can result from an incomplete constriction. The slit size is not 
likely to be a barrier to the passage of the much smaller nuclei. But 
it cannot be excluded that the slits formed a barrier to ooplasmic 
streaming. Although nuclei can migrate upstream the ooplasm (Wolf, 
1975)1 blocking of ooplasmic streaming might secondarily prevent nu-
clear migration through the slit. However, Jung et al. (1977) have 
shown that incomplete ligation in Pimpla only retards ooplasmic strea-
ming and nuclear migration through the bottle-neck. 
We assume that the barrier to nuclear migration is formed by a 
cleft in the ooplasm (yolk endoplasm and periplasm). Such a cleft 
might form by the rounding and eventual separation of the anterior and 
posterior ooplasm as observed in Euscelis with narrow bottle-neck li-
gations (Sander, personal communication). In Callosobruchus they have 
not been observed, because the eggs are not well visible when perma-
nently contained in the constriction apparatus. However, after tempo-
rary constriction comparable large and small clefts were observed in 
vivo and with the electron microscope respectively (Van der Meer, 
1978b, d). The small clefts were not visible in the dissection micro-
scope. A cleft is a more or less narrow region which completely divi-
des the egg transversely into two halves and contains translucent 
yolk-free cytoplasm. In a number of cases, but not in all, it became 
populated with nuclei and either remained syncytial or became cellu-
lar. This might effectively interrupt communication between the two 
egg halves and result in the absence of some instructions and their 
corresponding segments. It was also observed that nuclei cannot pass 
the cytoplasmic cleft. With early incomplete constriction nuclei will 
only have populated one egg half leading to the development of a part-
ial larva. With later incomplete constriction, when nuclei have popu-
lated anterior and posterior egg regions, a non-spatial segment gap 
may result because a continuous blastoderm exists all around the egg. 
In these cases the transverse cleft either remained devoid of nuclei 
or became syncytial or cellular. Such clefts possibly also were in-
volved in the production from the same egg of anterior and posterior 
partial larvae together possessing less than the normal number of seg-
ments after incomplete permanent constriction in Calliphora (Nitsch-
mann, 1959). Vogel (1977) also found larvae of the "lip at the belly"-
type after incomplete constriction of Drosophila eggs. With relatively 
wide slits of about 25$ of the normal egg diameter (15O Mm), mainly 
larvae with complete segment patterns were observed with occasionally 
one segment missing. Narrower slits of about 12$ egg diameter resulted 
mainly in "lip at the belly"-larvae. If the "lip at the belly"-larvae 
of Drosophila also result from the presence of ooplasmic clefts, their 
occurrence does not necessarily make segment specification by a system 
of diffusable morphogens unlikely (Vogel, 1977)· 
In studies on the effect of constriction on the specification of 
metamerie order ("gap phenomenon") it is commonly emphasized that the 
gap phenomenon is not caused by mechanical damage to putative preloca-
lized segment determinants. It has been shown experimentally that this 
is most likely (Herth and Sander, 1973; Sander, 1975, 1976b). 
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The аЪо е cases show that general damage to the egg can alter 
structural prerequisites for the normal exchange of specifying infor­
mation between the two egg parts. Therefore one should be careful to 
distinguish between the indirect effects on metamerizat ion which re­
sult from possible cytological damage and the direct interference of 
the constriction with segment specifying processes. Moreover, damage 
to the egg's cytological structure (like an ooplasmic cleft) is likely 
to also involve putative prelocalized segment determinants. Therefore 
a study of the gap phenomenon is not sufficient to decide between the 
mosaic and epigenetic mode of metameriζation in insect embryos, as was 
emphasized by Vogel (1977)· 
Absence of head duplication 
Observations made by Brauer and Taylor (1936) suggest that the eggs of 
Callosobruchus maculatus might be suitable to explore the existence of 
an anterior centre which controls segment specification. They observed 
tandem head duplications in anteroposterior direction after incomplete 
anterior ligation during the second meiotic division or the uninuclear 
stage. It has been suggested that this could be due to a displacement 
of an anterior control centre in posterior direction caused by the 
ooplasmic displacement during constriction (Counce, 1973· pp· 128/129» 
Sander, 1976b: Pig. 27b). 
Theoretically the absence of head duplications in our experiments 
might be imputed to the use of a different constriction procedure. 
Brauer and Taylor (1936) used a violin string, the loop of which was 
tightened by two springs. Incomplete constrictions made in this way 
leave only a narrow channel of ooplasm between the two egg parts. On 
the other hand, the pinching technique leaves a slit-shaped opening 
extending over the total breadth of the egg which would seem to leave 
more possibility for communication between the two egg parts. Exten­
sive wrinkling of the egg's chorion as observed with the violin string 
loop does not occur with the pinching method, which evidently results 
in much less damage to the egg. Anyhow, the data presented here do not 
provide a plausible explanation for the difference in results. 
In other experiments (Van der Meer, 1978c) it was observed that the 
deposition of a cuticle in posterior partial larvae may be inhibited. 
We cannot exclude the possibility that few head duplications did in­
deed occur, but failed to cuticularize and therefore would have been 
dissolved during the mounting process. Although absence of cuticulari-
zation was not noted systematically, we did not observe a significant 
number of embryos which failed to cuticularize in the experiments re­
ported here. 
In retrospect it is not too surprising that no head duplications 
were found. A comparison of Brauer ana Taylor's tandem duplication of 
head structures (Pig. 7a) with a section of a posterior partial embryo 
obtained after a comparable pinching constriction (Fig. 7b) clearly 
shows, that the thickening which they interpreted as a second (poste­
rior) head in fact represents a maxillary or first thoracic segment 
(compare Pig. 7c), whereas the anterior "head lobes" might as well 
have been an unorganized cell mass. Such a cell mass is often observed 
in anterior fragments when nuclei have penetrated into it (Pig. 7b). 
Moreover, extensive hair-loop ligations were carried out by Jung(l966) 
on the eggs of the closely related bean beetle Bruchidius obtectus. 
Although some of these were also anterior incomplete ligations (his 
Table 2), no head duplications in tandem arrangement were observed. 
20. 
Pig. 7 
(a) Reproduction of Brauer and Taylor's (1936) figure 3, showing a 
drawing of a stained whole mount of an egg constricted incompletely 
in MI. It was interpreted as "a cephalic region divided into an an­
terior enlargement in front of the constriction (1), and a second 
principal enlargement posterior to the constriction (2) continuous 
with the embryonic plate". "Examination indicates that each of the 
two cephalic enlargements is a complete head rudiment". 
(b) and (c): Sections of a posterior partial and a normal embryo 
respectively, both in the caudal plate stage. The posterior partial 
resulted from a constriction at 62.5% E.L. in Ш 2 (5O \m slit). 
Abbreviations: A: amnion, Ch: chorion, Md: mandíbula, Mx1: first 
maxilla, Mi2: second maxilla (labium), S: serosa, T1, T2, T3: first, 
second and third thoracic segment, ucm: unorganized cell mass (vitel-
lophages?), v: vitellophages, y: yolk endoplasm. 
Bar: 50 Mm· 
With permission of the Wistar Press. 
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Pig. 8 
(a) A typical " l i p at the Ъе11у"-1аг а consisting of a physically 
united ser ies of segments in which segments 4 through θ are missing. 
The bar helow the larva presents a formal description of the segment 
pat tern, the f i r s t one being the labrum. The antenna, indicating the 
second cephalic segment, i s normally s i tuated between labrum and man­
díbula, but has been anter ior ly displaced as a resul t of overturning 
of the head during mounting. This larva developed from an egg con-
s t r i c t e d in SBy/SBy at 55% E.L. 
(b) Shows a close-up of the gap region in which no cut icular i r regu-
l a r i t i e s are observed. 
Abbreviations: A1-11: abdominal segments, Ant: antenna, Pg: fore-gut, 
He: head capsule, Lbr: labrum, Md: mandíbula, St : stigma. 
Bar: 50 μπι. 
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SUMMARY 
Eggs of the pea-beetle GalІозоЪгиchus were transversely divided into 
two fragments m different developmental stages. The two fragments 
were allowed to develop into partial larvae and their segment patterns 
were analysed. Numbers of segments formed in the fragments were com­
pared between successive stages. Early constriction results in the 
formation of less segments than late constriction in anterior as well 
as m posterior fragments. The segments missing in both fragments to­
gether constitute the so-called segment gap. A distinct increase of 
segment numbers m anterior as well as in posterior fragments is re­
stricted to stages of blastoderm formation. In anterior fragments this 
increase starts a few hours earlier than in posterior fragments. The 
relation between the size of the segment gap and constriction stage as 
well as constriction level was studied m eggs showing development in 
both fragments. A gap size decrease to less than one segment on an 
average for a given constriction level is restricted to stages of 
blastoderm formation. The gap size also decreases from about nine to 
zero segments between 35 and 85% of egg length for any stage up to the 
middle of syncytial blastoderm formation. It is therefore unlikely 
that mechanical damage to a mosaic of putative prelocalized segment 
determinants causes the segment gap. The results support an epigenetic 
mode of segment pattern formation. They do not allow an unambiguous 
decision between formal models for segment patterning that use one or 
two signals for the instruction of blastoderm cells to become commit­
ted to specific differentiation pathways. However, a more simóle des-
cription of the gap phenomenon is provided by models of the one sig-
nal-type. 
INTRODUCTION 
The study of the embryonic or larval pattern of segments in insects, 
by several experimental procedures, has been very rewarding with res-
pect to the elucidation of the spatiotemporal dynamics of the under-
lying controlling mechanisms. Especially insect larvae can be very 
suitable to study segment pattern formation if one chooses a species 
with many different cuticular pattern elements (hairs, bristles etc.) 
placed in different positions. These can be used as markers of region 
specific cell differentiation, with which individual segments can be 
identified. Early transverse fragmentation of an insect egg results 
in both fragments in the development of less segments than in a later 
stage. Temporary constrictions producing normal embryos from eggs 
with fused anterior and posterior ooplasm show that the segment gap 
is not caused by damage to putative prelocalized segment determinants 
(Herth and Sander, 1973; Sander, 1975, 1976). 
A quantitative explanation of the dynamics of met amen zat ion in in-
sects is through the interaction of anterior and posterior instructing 
signals during early embryogenesis (for reviews see: Krause and San-
der, 1962; Counce, 1973; Kalthoff, 1976; Sander, 1976). An instructing 
signal is a carrier of information, the content of which can control 
gene regulation. In the final constellation the two signals would dif-
fer only quantitatively along the anteroposterior axis of the egg. The 
position dependent signal-ratio might instruct particular blastoderm 
cells to carry out part of their genetic program which results in 
their commitment to differentiate into a particular segment. The in-
formation might be carried by physical or chemical signals, initially 
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localized in the polar egg regions, but l a t e r moving through the egg 
(see e.g. Sander, I960; Goodwin and Cohen, I969). The spat ia l d i s t r i ­
bution of the information might resul t from the transport of the car­
r i e r s themselves or from the propagation of a s t a t e change in the 
car r ie r system. 
Originally the two-signal hypothesis was presented Ъу Sander (i960) 
analogous t o the hypothesis put forward by Runnström (1928, 1929) and 
Hörstadius (1928) for sea-urchin development. Later i t has been sug-
gested that a single signal might with some further elaboration also 
explain the segment patterns observed in pa r t i a l larvae of Protophor-
mia af ter permanent and complete constr ict ion (Herth and Sander,1973). 
The two-signal hypothesis i s applicable to the resu l t s of cons t r ic -
t ion of eggs with so-called long germ-types and those with medium-long 
germ-types frem meroistic insects (Seidel , 1924» Krause, 1939» 1961; 
Sander, 1976). In contrast pat tern specification in short and in medi-
um-long germ-types from panoistic insects appears to be controlled by 
poster ior s ignals only, possibly with an additional "progress-zonen-
l ike mechanism for budding off of the abdominal segments (Siunmerbell 
et a l . , 1972; Sander, 1976). Recently the l a t e r a l inhib i t ion model, 
or iginal ly developed to explain resu l t s of t ransplantat ions in Hydra 
(Gierer and Meinhardt, 1972; Meinhardt and Gierer, 1974)» has been 
extended to insect embryos, both of long and short germ-types (Mein-
hardt , 1977). Another model, based on homoeotic phenomena and bistable 
genetic control switches was proposed by Kalthoff (1976, 1978) as an 
a l ternat ive to the l a t e r a l inhibi t ion model, at least with respect to 
the phenomena of double abdomens and double cephalons in dipteran em-
bryos. 
Brauer and Taylor (1936) concluded from t h e i r constr ict ion and 
thermo-lesion experiments that segment pat tern formation in Calloso-
bruchus embryos would be due to poster ior ins t ruct ing signals moving 
in anter ior direct ion ( i . e . p . 147)· This would be quite contradictory 
to the fact t h a t , on a morphological bas i s , Callosobruchus embryos are 
of the long germ-type (Brauer, 1925» Van der Meer, unpublished). Sur-
pr is ingly , on the basis of duplication of the longitudinal and t r ans -
verse segment pat tern obtained af ter permanent complete and incomplete 
anter ior const r ic t ion, an anter ior " integrat ing center" was also pos-
tu la ted ( i . e . p . 14З), but not incorporated into t h e i r discussion of 
the general mechanism of segment formation. I t i s s t r ik ing, however, 
that in the eggs of the closely re lated bean-beetle Bruchidius obtec-
tus no duplications of any type were observed although extensive com­
plete and incomplete constr ict ion experiments have been carried out 
by Jung (1966). Only af ter i n t r a c e l l u l a r t rans locat ion of anter ior 
pole material followed by anter ior constr ic t ion did seven out of a 
hundred analysable germ-bands show duplicat ions. Two cases of dupl ici­
tas cruciata and five cases of longitudinally s p l i t , but not b i l a t e r ­
a l ly duplicated germ-bands were observed (Jung and Krause, 1967! Pigs. 
4b, 7)· Therefore Brauer and Taylor 's re su l t s appear somewhat off the 
general trends established for t h i s type of embryo. In order to extend 
and clar i fy the observations of Brauer and Taylor (1936) new resul t s 
of permanent and complete constr ict ion experiments carried out on the 
eggs of Callosobruchus are presented here. 
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MATERIALS AND METHODS 
General methods. Growing of beetles, obtaining, handling and constric-
tion of eggs were described by Van der Meer (1978a). A staging accura-
cy of ± 15 min was kept. Hatching larvae for phase-contrast microscopy 
were processed according to Van der Meer (1977)· Segment patterns were 
analysed using the markers described by Van der Meer (1978a) and were 
recorded on protocols. Larvae with so-called "remote constriction ef-
fects" (Van der Meer, 1978a) were not taken into account in the analy-
sis of segment formation because of their low frequency and their pos-
sible trivial origin. In extreme cases of eversion partial larvae were 
scored as not analysable. The remainder of partial larvae showing 
eversion and segments with dorsal defects (faulty dorsal closure) were 
used in the analysis of the results. The presence of such defective 
segments was interpreted as the presence of the developmental capacity 
for the complete segment, which could not be realized for reasons tri-
vial to segment pattern specification (Van der Meer, 1978a). 
Terminology. Throughout this study the visible anteroposterior seg-
ment order will be used as an indication for its preceding invisible 
anteroposterior polarity in the egg. It is realized that this proce-
dure implies the risk of drawing conclusions concerning invisible po-
larity which only hold for segment order. However, as long as the pri-
mary processes producing polarity at the molecular level can only con-
ceptually be distinguished from their morphological expression, seg-
ment order presents itself as the most obvious and successful indirect 
indicator of egg polarity. 
Normal stages at which eggs were constricted are briefly described 
in Table 1. 
Table 1. Callosobruchus: constriction stages 
Stage Characteristic developmental events Time (+ 15 mm.) after 
oviposition 
(30OC) 
MI Anaphase of the first meiotic division. 15 rain. 
NM2 Nuclear migration stage with two nuclei 2 h. 
NM16-32 Nuclear migration stage with sixteen to thirty-two nuclei 4 h. 
SBy Young syncytial blastoderm, nuclei have just arrived in periplasm; 
radial membranes not yet formed; protruding pole cells. 6 h. 
SBm Middle syncytial blastoderm, radial cell membranes formed; 
protruding pole cells. 10 h. 
CB Cellular blastoderm; tangential cell membranes formed. 12 h. 
VP Ventral plate; first histological differentiation between ventral embryonic 
and dorsal extra-embryonic blastoderm, onset of gastrulation, cephalic furrow 
not yet formed. 14 h. 
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Reliability of constriction levels. As shown by Sander (1959) and 
Herth and Sander (1973)ι the actual ooplasmic level of separation does 
not always correspond with the constriction level as measured with the 
mark left in the chorion Ъу the razor blade. Due to the volume/surface 
ratio of the egg fragments, polar constriction will result in the dis­
placement of ooplasm from the smaller into the larger fragment. The 
result is that actual separation planes are situated slightly more to­
wards the egg poles than the constriction levels indicate (Van der 
Meer, 1978a: Pig. 1e). Constriction around ^Ofo E.L. does not result in 
ooplasmic displacement. These phenomena were also observed in Calloso-
bruchus. Constriction anterior to about Qofo E.L. will result in an 
empty anterior fragment, because of the relatively strong surface cur­
vature (Van der Meer, 1978a: Fig. 1f). Posterior constriction results 
in much less ooplasmic displacement because the egg is very flat in 
that region. Ooplasmic displacement is always more extensive near the 
central egg axis than at the periphery. As pointed out already by 
Herth and Sander (1973) the extent of ooplasmic displacement is 
essentially similar in all constriction stages and therefore cannot 
account for the differences in segment numbers between these stages. 
Therefore the difference between actual and apparent constriction le­
vels was not determined in Cal1osobruchus. 
Starting from about stage SBm, when the pole cells have not yet 
invaginated into the blastoderm, the egg retracts from the chorion. 
The process was recorded with time-lapse cinematography along with an 
attempt to follow the segment boundaries during early morphogenetic 
movements (Miyamoto, 1977)· Between stages SBm and VP a gradually in­
creasing retraction was observed up to about ten percent "chorion 
length" from the posterior pole and about two percent from the antei4-
ior pole. Because all constriction levels are expressed as percentages 
of "chorion length" (normally called egg length: E.L.), this would re­
sult in "chorionic" constriction levels which are maximally about ten 
percent too low. This error is mainly due to the decrease of total egg 
length by about twelve percent. The error increases linearly with in­
creasing "chorionic" constriction level, so that it surpasses the mea­
suring error (ΐ 2.5/^E.L·.: see below) for posterior partial larvae 
only. In Pig. 1 this would result in a displacement of the curves for 
stages SBm, CB and VP to the right. The extent of the displacement 
would increase from about six percent chorion length at 50$ E.L. to 
about ten percent chorion length at 88$ E.L. Therefore the curves 
would become slightly less steep. In any case this error would have 
no effect on the outcome of the statistical comparisons in Table 4 
and therefore the data were not corrected for its effect. 
The error made in the measurements of constriction levels was ana­
lysed using the pooled data of three persons who independently mea­
sured five eggs with constriction levels ranging from 25-50$ E.L. The 
constriction level of each egg was measured ten times by each person 
while receiving the eggs in random order, so that a previous measure­
ment could not be remembered. Next the mean constriction levels with 
standard deviations were calculated for each egg. In three out of 
fifteen cases a relatively high standard deviation was found. The 
original measurements showed that the first of ten measurements indi­
cated a markedly larger deviation from the mean than the following 
nine ones. Therefore new means and standard deviations were calcula­
ted after omission of these first measurements. In four out of the 
five eggs no significant difference in standard deviation of the er-
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гог was found between the three persons. In the only egg where a sig­
nificant difference appeared, which had an intermediate constriction 
level, the difference was caused by a person for whom the ten measure­
ments seemed too close to each other as compared with the rest of the 
data. Consequently the standard deviations within each egg were pooled 
among the three persons. No significant difference between these five 
pooled standard deviations was shown (Bartlett's test for homogeneity 
of variances; Dixon and Massey, 1957Î χ2 = 3-20, ρ > O.50). Therefore 
it was found that the standard deviation of the measuring error in the 
constriction level was independent of the constriction level. This 
standard deviation was estimated to be 2.4/o. Measurements carried out 
by a fourth person on five eggs with constriction levels between 65 
and 75% E.L. resulted in a standard deviation very close to this fi­
gure. A practical consequence of these results was that the data could 
be grouped in constriction intervals of 5$ E.L. (indicated by class-
centers: 2.5, 7.5 97-5 for 0-45S, 5-9$ 95-99$ E.L.) without 
introducing substantial inaccuracy and with the benefit of a conve­
nient way of representing suitable statistical quantities. 
Statistical analysis. Mean numbers of segments and standard errors 
were calculated with data grouped in 5$ constriction intervals which 
is the size of the standard deviation of the measuring error (Í 2.4$ 
E.L.). 
When π,- (χ) is the fraction of eggs in which i segments will de­
velop after constriction at level χ (i = 1,2... 19; i^O; 0<x<100), 
then the mean number of segments is estimated by 
19 
μ = Σ i-i 
— i =fl ' 
per constr ict ion leve l . The standard error of μ at χ was estimated by 
5(μ) = / v â r (μ) = /-ί—[Σ i 2 . í _( Σ i . í )2] 
— — — n - 1 ,· =y -/ ,· =1 -f J 
This standard error of the mean indicates the possible deviation of 
the actual mean numbers of segments from the real mean (Pig. 1a). 
Segment numbers obtained at all possible constriction levels were 
statistically compared between any two stages as follows. A curve 
showing mean segment numbers for successive constriction levels is 
defined as a set of numbers μ7 , \i2 , Чго i-
n
 which μ,· is the expec­
ted mean number of segments at constriction level χ = 2.5 + (j-l) 5$ 
E.L. Рог any two curves μ7 , μ2 , ,μ20 and v7 , v2 ,. . . ^20 the effect 
of constriction on the mean number of segments is considered to be 
identical if μ/. = ν, for j = 1, 2 20. This null hypothesis was 
tested at each constriction level by the t-test of Welch with the ap­
proximate degrees of freedom approach (Wang, 1971). If μ,- is an esti­
mate for \i. and vJ. is an estimate for v-(l<j<20), with respective 
standard errors s^· ) and s^. ), then for each constriction level t 2 
Т*Г r* C · Λ Λ Ι Λ Ί Έ Ι Λ -Τ- ί-Ύ 1-3 · was calculated: 
2 (M. - v. ) 
t = / ' 
[ s' (μ. ) + s" (С )] 
-/ -/ 
3 1 . 
The difference between any two mean numbers of segments μ and ν at 
constr ic t ion level χ = 2.5 + ( j - l ) 5$ E.L. i s then considered to be 
s ignif icant (5$ level) or highly s ignif icant (1% level) i f t j 2 i s 
larger than the corresponding c r i t i c a l leve l s . Two curves are judged 
t o be different if 
,h \ >\ ( 0 · 9 9 ) 
wherein t h e sum i s c a l c u l a t e d over t h e t o t a l number of c o n s t r i c t i o n 
l e v e l s k, which a r e r e p r e s e n t e d in both curves , χ (0.99) r e p r e s e n t s 
t h e 997° point of t h e chi-square d i s t r i b u t i o n with к degrees of f r e e ­
dom. 
Two other methods a l s o seem s u i t a b l e a p r i o r i f o r t h e comparison 
of two c u r v e s : t h e two-way a n a l y s i s of var iance ( f ixed model with i n ­
t e r a c t i o n ) and a comparison in which t h e r e a l curves are f i r s t appro­
ximated by u s i n g e . g . a two-parameter l o g i s t i c f u n c t i o n . I n t h e l a t t e r 
case , t h e comparison of t h e curves of two c o n s t r i c t i o n s t a g e s can be 
based upon comparison of t h e parameters of t h e f i t t e d f u n c t i o n s . The 
two-way a n a l y s i s of var iance was not chosen because i t s s u p p o s i t i o n s 
were not f u l f i l l e d (Dixon and Massey, 1957)· The approximation with 
t h e two-parameter l o g i s t i c funct ion gave a good f i t f o r s t a g e s SBra and 
o l d e r but not for t h e e a r l i e r ones. I n f a c t , t h i s i s a l r e a d y an i n d i ­
c a t i o n for a d i f f e r e n c e between t h e curves of two groups of c o n s t r i c ­
t i o n s t a g e s , v i z . MI-SBy and SBm-VP. When in s p i t e of t h e bad f i t in 
t h e e a r l i e r s t a g e s , t h i s method was a p p l i e d , i t i s not s u r p r i s i n g t h a t 
we found t h a t no s i g n i f i c a n t d i f f e r e n c e s w i t h i n e i t h e r groups of s t a ­
ges appeared, but t h a t i t did so between any two s t a g e s compared be­
tween t h e groups . This correspondence in r e s u l t s with t h e e v e n t u a l l y 
adopted t - t e s t of Welch i s q u i t e s t r i k i n g (compare Table 4 ) . Yet t h i s 
method was a l s o r e j e c t e d because we did not succeed in f i n d i n g a func­
t i o n which showed a s a t i s f a c t o r y f i t i n a l l s tages and so e l iminated 
t h e bad f i t obta ined for t h e group of e a r l y c o n s t r i c t i o n s t a g e s . 
RESULTS AND CCîîCLUSIQNS 
A genera l survey of t h e r e s u l t s and a d e s c r i p t i o n of p a r t i a l segment 
p a t t e r n s was presented in the preceding paper (Van der Meer, 1978a). 
The da ta p resen ted below o r i g i n a t e from the same m a t e r i a l . 
C u t i c u l a r versus embryonic segment p a t t e r n 
The ques t ion whether a c u t i c u l a r segment p a t t e r n i s s t r i c t l y compar-
able with t h e embryonic segment p a t t e r n of the extended germ-band 
s t age was f i r s t r a i s e d by Herth and Sander (1973)· They took account 
of t h e observa t ions of Davis et a l . (1968), who repor ted t h a t C a l l i -
phora egg fragments c u l t i v a t e d in v i t r o may produce more neuromeriс 
t h a n c u t i c u l a r segments. This might mean t h a t f a i l u r e of e a r l y frag^ 
mented eggs t o produce t h e complete s e t of segments (gap phenomenon) 
i s r e s t r i c t e d t o c u t i c u l a r segments only, and does not involve t h e 
neuromeres and t h e germ-band segments (see however Jung, 1966). Рог 
example, t h e embryonic segments b o r d e r i n g t h e c o n s t r i c t i o n may be 
unable t o depos i t a c u t i c l e , which r e s u l t s in t h e i r d i s s o l u t i o n du­
r i n g f i x a t i o n and c l e a r i n g . This p o s s i b i l i t y was t e s t e d i n C a l l o s o -
bruchus by ana lys ing a number of segment p a t t e r n s in t h e germ-band 
s t a g e a f t e r c o n s t r i c t i o n in s tages SBm, CB and VP/CP. The p a r t i a l 
germ-bands were s t a i n e d with borax carmine and mounted as whole 
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mounts (Сошіс , 1966). Mean numbers of embryonic segments and standard 
deviations were calculated per constr ict ion level and compared with 
the mean numbers of cut icular segments from corresponding constr ict ion 
stages, using the t - t e s t of Welch. Relatively few differences in mean 
numbers of segments s ignif icant at the 5$ level were observed between 
both methods of analysis (Table 2) . Moreover, segment analysis at the 
germ-band stage resul ted mainly in s l ight ly lower ra ther than higher 
means as compared with analysis of cut icular segments. This i s proba­
bly a consequence of the fact that the stained germ-band segments, 
par t icu lar ly the border segments, cannot be recognized as accurate as 
the cut icular segments. In any case, i t can be safely concluded that 
any observed segment gap i s not r e s t r i c t e d to cut icular segments only, 
but wi l l also show up upon analysis of the germ-band stage (see also 
Sander, 1959; Jung, I966). Therefore, a l l subsequent data are based on 
the analysis of cut icular segments. 
Comparison of mean numbers of segments between segment analysis at тажітшп germ band 
extension and hatching larva within corresponding stages of constriction 
Constriction 
Stage S Вт «-* 
segment pattern 
embryonic cuticular 
segment pattern 
embryonic cuticular 
segmert patten 
embryonic cuticular 
27 5 
S 32 5 
S 37 5 
-. 42 5 
2 47 5 
І 52 5 
S 57 5 
S 62 5 
5 67 5 
72 5 
27 5 
32 5 
S 37 5 > 
S '12 5 
-. 47 5 
и 52 5 
S. 57 5 
S 62 5 
S 67 5 
S." 5 
77 5 
82 5 
U 
7 3 " 
5 7"· 
5 9* 
4 0 
4 0 
2 0 
1 5 
1 0 
5 7 
5 0 
10 0 
β 4 
11 7 
13 0 
16 5 
15 9 
17 0 
e m 
0 6 
1 5 
1 5 
1 4 
1 4 
0 0 
0 7 
0 0 
1 6 
2 6 
1 2 
η 
3 
9 
3 
2 
2 
5 
3 
4 
10 
9 
4 
u 
и з·· 
8 6·· 
θ 1· 
5 9 
5 2 
2 4 
2 8 
2 0 
5 0 
8 0 
7 8 
12 3 
12 5 
14 3 
15 3 
16 0 
14 3 
s e n 
1 0 
I 9 
1 9 
1 И 
2 4 
0 8 
0 9 
1 1 
0 0 
5 7 
4 5 
2 6 
4 4 
2 6 
1 4 
0 0 
3 β 
η 
6 
11 
16 
θ 
5 
7 
8 
8 
2 
2 
6 
13 
19 
9 
6 
1 
4 
μ 9 e m 
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Stage symbols are explained in Table 1 i E L indicates constriction level in percentages of egg-length Segment 
patterns were analysed at stages of maximum extension of the germ band Cembryonic'1) and hatching ("cuticular") 
respectively Mean numbers of segments (ΰ) were compared between both methods of analysis using the t test of Welch 
(Wang, 1971) Significant (0 01 < ρ < 0 05) and highly significant (p < 0 01) differences are indicated by * and ·· 
respectively Only those constriction levels were tested with n > l o r e e m p ' O O n number of Analysable larvae 
в е т standard error of mean Although relatively few significant dlffarences can be observed, segment analysis 
at maximum germ band extension mostly results in slightly lower mean numbers of segments 
33. 
Alternative versus b i p a r t i t e development 
Most of the p a r t i a l segment patterns resulted from the development of 
only one of the two egg halves of a par t icu lar egg (a l ternat ive devel­
opment). Development in both halves of the same egg ( b i p a r t i t e devel­
opment) was observed only after constr ict ion within a small equatorial 
egg region, the position of which varied i r regular ly from 25 to 85$ 
E.L. from stage Ш16-32 onwards. A regular extension of t h i s egg region 
towards both egg poles, as observed in Bruchidius (Jung, 1966) and Lep-
t i n o t a r s a (Haget, 1953)» here only occurred from stage SBy onwards 
(Table 3) · Absence of development in one egg half often resulted from 
bursting of the chorion or of the v i t e l l i n e and egg cel l membrane only. 
Tihl r 3 Comparison nf mean numbers of segments In a n t p n o r and p o s t p r i o r p a r t i a l larvae between 
eggs sKuwing uit» r n a t i v e and b L p a r t l t e development 
s tage NM16-12 SBy sem ев ve 
Stage symbols are expla^red Ln Table I % E L i n d i c a t e s c o n s t r ct^on level η percentages of egg length 
a l e a l - e r n a t u e and bt b i p a r t i t e developrae^t Ln one or both egg fragments r e s p e c t i v e l y μ medπ 
number of segnu.:Ls c a l c u l a t e d over t o t a l number of analysable a n t e r i o r 01 p o s t e r i o r p a r t i a l larvae [n) per 
r o n s t r i c t i o n level s e m standard d e v i a t i o n of mean S i g n i f i c a n t (5% level) and highly s i g n i f i c a n t (1* level) 
d i f fe rences in mean numbers of segments a r e i n d i c a t e d by symbols * and ** i t specLive ly and weie t t j t t d by the 
t - t e s t of Welch (Wang 1971) 
Only those c u n a t n c t i o n l e v e l s were t e s t e d showing development wi th π > 1 or s e m /00 
An important question is whether there are also non-tr iv ia l causes 
(viz. re lated to specif ication or commitment of the segment p a t t e r n ) , 
which could prevent development in one egg half and possibly influence 
the number of segments formed in the complementary half. Absence in 
one egg fragment, of one of the two polar instruct ing signals might 
resul t in the absence of any development because commitment of b las to-
dermal ce l l s t o par t icu lar pathways of di f ferent iat ion cannot occur. 
Therefore, mean numbers of segments in anter ior and poster ior p a r t i a l 
larvae were compared between eggs showing a l ternat ive and b i p a r t i t e 
development (Table 3 ) . Differences s ignif icant at the 5% level were 
found in only three cases. I t was concluded that mean segment numbers 
in a l te rnat ive ly developing egg fragments were not s igni f icant ly a l ­
tered by t h e i r non-developing counterparts. However, i t cannot be con­
cluded that non-tr iv ia l factors do not play a role in causing a l terna­
t ive development. The approach used in t h i s paper does not allow a de­
cisive answer t o t h i s question. 
Because the above considerations show that the resul t s from egg 
fragments showing b i p a r t i t e development are supported by those of a l ­
ternat ive ly developing fragments, the two groups of data were pooled 
34. 
in the analysis presented in th i s paper. The egg fragments showing no 
development were not taken into account in calculat ing the mean num-
bers of segments, because t h i s would have a r t i f i c i a l l y lowered a l l the 
mean numbers. 
Dependence of mean numbers of segments on constr ict ion stage and egg 
fragment size 
A graphical representation of the re la t ion between fragment size (in % 
E.L.) and mean number of segments i s given in Fig. 1a, for successive 
constr ict ion stages. The data were grouped in constrict ion in te rva ls 
of 5$ E.L. indicated by c lass-centers . I t appears t h a t : 
(a) The larger the egg fragment, the more segments are formed at a 
given stage of constr ic t ion, in anterior as well as in poster ior frag-
ments. In anter ior fragments obtained af ter constrict ion at stage MI 
the mean number of segments more or less levels off between 20 and 50$ 
E.L. The slope of the curve in t h i s region gradually increases in old-
er s tages, par t icular ly at stages SBm and CB. In posterior egg frag-
ments such a level l ing off i s not observed. However, another leve l l ing 
off i s observed in poster ior fragments af ter constrict ion anter ior to 
JQffo E.L. in stage VP. This i s not observed in ea r l i e r s tages . 
(b) At any constrict ion level generally more segments are formed in 
older constriction stages in anterior as well as in posterior egg 
fragments (Fig. 1a, b ) . To assess the differences in mean numbers of 
segments between successive constrict ion stages in a more quant i ta t ive 
manner, the curves were compared s t a t i s t i c a l l y between successive con-
s t r i c t i o n stages for anter ior and posterior pa r t i a l larvae in Table 4· 
Table 4 Statistical comparison of mean numbers of segments per constriction level between successive developmental stages 
for artenor and posterior partial larvae 
Comparison 
between MI •«-* NM2 NM2 *-* NM16-Ì2 Ж 1 6 - 3 2 *-+ SBy SBy •·-·- SBm SBm «-- CB CB •*-* VP 
stages 
Constr 
level ant post ant post ant post ant post ant post ant post 
(IE L ) 
Statistical comparison has been carried out using the t-test of Welch (Wang, 1971) Significant (5l level) and highly 
significant (14 level) differences are Indicated by * and "^respectively Prefix + indicates that in the older stage a 
higher mean number of segments has been formed, whereas - indicates a lower mean in the older stage non-significant dif­
ferences have also been indicated Blank places were not filled in because s e.m = 0 0 Constriction levels 2.5, 7 5, 92 Ъ 
and 97 5 could not be compared because no data were available See Table 1 for stage symbols Positive significant 
differences are mainly found between stages SBy *-* SBm and SBn •*-* CB 
Mean number of segments 
20 0 
1S0 
loo 
50 
и 
.¡, «Anterior partial larvae 
I • Posterior partial larvae 
4 „, m st-ts-^l Ml 
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Fig. 1a 
Mean numbers of segments formed after permanent constriction at different constriction levels 
and successive developmental stages. Vertical bars indicate standard errors of mean. Numbers 
indicate the number of partial larvae per measuring point. Note that the mean number of seg^ 
ments m anterior partial larvae is at the same time the serial number of the border segment, 
which is differentiated on an average at the corresponding constriction level. For posterior 
partial larvae the mean should be subtracted from the total number of segments plus one (20), 
to obtain the serial number of the border segment, expected on the average at the correspond-
ing constriction level. In this way the quantitative information can be translated into aver-
age qualitative information. Adding up of mean numbers of segments from both anterior and pos-
terior fragments between about 30 and òfrfo E.L. shows more than nineteen segments in stage VP. 
This is due to the low number of partial larvae with alternative development and with large 
deviations. 
Abbreviations: see Table 1. 
Further details: see text. 
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A significant increase in mean numbers of segments throughout most of 
the constr ict ion levels i s found mainly between stages SBy and SBm for 
anter ior pa r t í a i s and in addition for poster ior pa r t í a i s between SBm 
and CB. This i s also i l l u s t r a t e d in Pig. lb and indicates that a mar-
ked acceleration in the process, that controls segment pattern forma-
t ion , s t a r t s in or before the middle blastoderm stage and. i s finished 
when the blastoderm has become ce l lu l a r . This period maximally takes 
s ix hours at 300C. In anter ior fragments the increase s t a r t s a few 
hours at 30oC ea r l i e r (SBm) than in poster ior fragments (CB). Surpri-
singly, a rather consistent though not s ignif icant decrease i s found 
in stage Ш2 as compared with stage MI and, for some constr ict ion 
leve ls , also between stages NM2 and Ш16-32 and between stages Ш16-32 
and SBy (compare Table 4 and Fig. 5) · 
I t can also be seen from Table 4 that comparison of two curves with 
the aid of the t o t a l 
к 2 
Σ t 
results in an assessment of differences even when no significant dif­
ferences are found at the individual constriction levels. Obviously 
an overall comparison of two stages at all constriction levels gives 
a much better insight into the spatial distribution of differences. 
(c) When the mean numbers of segments for anterior and posterior 
partial larvae are summed for equatorial constriction levels, far less 
than nineteen segments are obtained in early constriction stages, 
whereas the sum increases rapidly during blastoderm stages, to finally 
yield an average of about nineteen segments. 
Mean n u m b e r of s e g m e n t s 
20 0 -
15D 
100 
50 
Anlenor partial larvae Posterior part ia l larvae 
0 20 40 60 80 100 20 <.0 60 B0 100 
Constriction level (%E L) 
Fig, lb 
Simultaneous projection of the curves of Fig. la to show changes 
between successive developmental stages for anterior and poster­
ior partial larvae separately. 
Abbreviations: see Table 1. Further details: see text. 
Mean number 
of missing segments 
10 
8 
7 
6 
5 
Í. 
3 
2 
1 
0 
32.5 37.5 kl.b A7.5 52.5 57.5 62.5 67.5 72.5 77.5 82.5 
Constriction level (%E.L) 
Fig· 2 
Relation between mean number of missing segments and 
constriction level in successive stages of development. 
Only data for bipartite development were incorporated. 
The curves do not extend behind 32.5^ E.L., because no 
bipartite development was found at those lower constric-
tion levels. 
Numbers indicate number of data per measuring point. 
Abbreviations: see Table 1. 
38. 
Likewise when the complementary segment se t s with b i p a r t i t e develop­
ment only are summed, t h i s yields a t o t a l of between minimally 18.3 
and maximally 19 segments. This means that there exis t s a segment gap 
after early constr ict ion in the equatorial egg region which disappears 
gradually a f ter constr ict ion m more advanced stages. The reduction of 
t h i s gap i s i l l u s t r a t e d in Pig. 2, in which the means of missing num­
bers of segments are re lated to constr ict ion levels for eggs showing 
b i p a r t i t e development. The data for a l ternat ive development were not 
included. I t appears (a) that in a l l stages before ce l lu lar blastoderm 
formation the gap size shows an overall decrease at successive con­
s t r i c t i o n s between 35 and 85% E.L. Between these stages no marked dif­
ferences in gap size are seen, (b) At any one constr ict ion level ex­
cept the antenormost a sudden decrease in gap size occurs before or 
upon formation of the ce l lu lar blastoderm. The gap i s reduced t o an 
average of less than one segment m stage VP. 
Frequencies of development of individual segments in p a r t i a l larvae 
Other aspects of the gap phenomenon are shown more clearly in Fig. 3 
which represents the frequencies of development of individual seg­
ments. In t h i s representation the posit ion of the segment gap i s i l ­
lus t ra ted by the region which comprises a l l segments with lowered f re­
quency to develop and bordered by segments on both s ides . I t appears 
from Fig. 3 that : 
(a) The gap i s growing smaller at successively older stages s t a r t ­
ing from both sides (see e.g. constr ict ion levels 45-49F 50-54 and 
55-59$ E.L.) . 
(b) After constr ict ion between 30 and 50$ E.L. the number of seg­
ments formed m anter ior egg fragments f i r s t shows a considerable de­
crease in stages NM2 through SBy. Only by stage SBm or CB i s the o r i ­
ginal number of stage MI reached again (see e.g. at 35-39$ E . L . ) . 
This re f lects the i n i t i a l decrease in mean segment numbers for con­
s t r i c t i o n stages MI t i l l SBy m Table 4· 
(c) Those cases which show a p a r t i c u l a r segment as being formed in 
anter ior as well as poster ior egg fragments are not to be interpreted 
as segment duplications, because they were never observed in both 
halves of the same egg, except m one case (Fig. 4)· In the poster ior 
p a r t i a l larva two normal Al spines were found, but the anter ior par t­
i a l also contained one Al spine, which was duplicated at the t i p . 
Apart from t h i s rare exception, which shows that the intrasegmental 
pattern s t i l l possesses regulative propert ies , the overlap shows that 
a par t icu lar segment can di f ferent iate in different positions along 
the anteroposterior axis of the egg in an anter ior as well as a post­
er ior egg fragment from different eggs constr icted at the same leve l . 
This suggests that in the ventral plate stage segment positions e i t h e r 
might not yet be fixed or have been fixed but vary in different eggs. 
However, the large v a r i a b i l i t y (Fig. З) probably much exceeds that 
seen in landmarks such as segment borders which appear shortly t h e r e ­
a f t e r . Obviously one should be aware of the r i sks in constructing a 
fate map for these stages based on constr ic t ion data (Sander, 1976). 
39« 
Fig. 3 
Frequencies of development of individual segments 
calculated for five percent constriction intervals 
between 30 and 6S$ E.L. The developmental frequency 
of a given segment was calculated as a percentual 
fraction of the total number of anterior or poster-
ior partial larvae (N) found at that constriction 
level. Segments are indicated by their serial num-
ber in the squares tinder and/or above the bars. 
Abbreviations: see Table 1. 
Further details: see text. 
40. 
I. 
CONSTI! 1С HON LEVtL 60-6<ХЕ1 
Ι Ί ι ι ι Г Г Т І I I 1 I" 
^ifttiffiiii 
7
- L U . . 
CONSTÌICTION ttVEL U5 І9\ 11 
hLLLLLLLLLLLLLLi! 
ΊΙΙΙΙΙΙΙΙΙΙΙΙΙ 
ЦП LLLLLLLLŒ 
ΊΙΙΙΙΙΙΙΙΙΙΙ 
F ig' 4 
Anterior ( lef t ) and poster ior (r ight) pa r t i a l larva obtained 
by constr ict ion at 33^ E.L. in stage VP and both ending in 
border segment A1. I t i s the only case among a l l the perma-
nent constr ict ions which showed a tendency to duplicate seg-
ment Al. This i s indicated by the presence of two rudimentary 
Al spines in the poster ior i so la te and one in the anter ior 
i s o l a t e . The l a t t e r spine is also duplicated at i t s very t i p . 
Abbreviations: A1: f i r s t abdominal segment, Sp: spine of A1, 
Hg: hindgut (bulging out by the pressure of the covers l ip) . 
Por other cuticular markers, see Van der Meer, 1978a: Pig. 2. 
Photograph: Leitz phase-contrast: yellow-green f i l t e r . 
42. 
Egg fragment size needed to produce a particular anterior or posterior 
set of segments over successive constriction stages 
Mean constriction levels at which a particular border segment appeared 
in anterior or posterior fragments were calculated, for each of the 
nineteen segments and for successive constriction stages. Obviously, a 
possible mhomogeneous distribution of the number of partial larvae 
over constriction stages and levels could influence the calculated 
mean levels of constriction considerably. To avoid this the relative 
frequency p(x) of a border segment at constriction level χ was taken 
into account. For a particular border segment the corresponding mean 
constriction level was calculated as: 
The results are shown in Pig. 5· I't generally appears that an egg 
fragment can be made smaller to obtain the same border segment in suc­
cessively older stages for anterior as well as for posterior egg frag­
ments. This decrease is significant at the 5^ level between stages SBy 
and VP for some border segments, indicated in Fig. 5 ( A)· The de­
crease in numbers of segments observed earlier (Table 4) during stages 
UM2 and Ш16-32 is also reflected here in Ш 2 : anterior and posterior 
fragments can be made larger in order to obtain the same border seg­
ment in the resulting partial larva. This increase is significant (5$ 
level) for some segments indicated in Fig. 5 (d)· 
GENERAL DISCUSSIШ 
The general picture as it emerges from the data presented so far can 
be summarized as follows: 
1. The larger the egg fragment, the more segments are formed m a 
particular constriction stage (Fig. 1, З)· 
2. Up to stage SBm a small shift of the constriction level in the 
posterior pole region results in a much more dramatic increase in seg^ 
ment number than a corresponding shift m the anterior pole region or 
m the middle region of the egg (Fig. 1a). 
3· At all constriction levels a significant increase in mean num­
bers of segments m anterior as well as in posterior egg fragments 
starts after stage SBy and m stage CB respectively (Table 4, Fig. lb). 
This increase is particularly pronounced in the non-polar egg regions 
(Table 4, Fig. 1a, b). The developmental periods before and after this 
acceleration phase are characterized by a slow increase or, surpri­
singly, a mostly insignificant decrease m segment numbers at differ­
ent constriction levels (Table 4, Fig. 1a, b). 
4· The segments not formed m anterior and posterior egg fragments 
when considered together constitute the so-called segment gap. Its 
position depends on the constriction level (Fig. 3). The size of the 
gap shows a stage-specific decrease during blastoderm formation by 
addition of segments on both sides of the gap (Fig. 1, 2, 3). 
5· In order to obtain a particular segment as a border segment in 
an anterior or posterior egg fragment, the fragment must be made 
smaller m successively older constriction stages, at least from the 
young syncytial blastoderm stage onwards. Between stages MI and Ш 2 
the reverse may be true for some segments (Fig. 5)· 
Fig- 5 
Mean fragment size (ordinate: $ E.L.) needed to produce a particular 
anterior or posterior set of segments in successive stages of devel-
opment. Mean constriction levels at which a particular "border segment 
(indicated by its serial number) appeared in anterior or posterior 
egg fragments were calculated for each of the nineteen segments and 
for successive constriction stages. D and • : mean constriction 
levels differ significantly between stages MI and HM2 and between 
SBy and VP respectively (t-test of Welch: % level; Wang, 1971). 
The other constriction levels have not been tested because less than 
three egg fragments were involved. 
Standard errors of the mean were not incorporated to retain survey-
ability. 
Abbreviations: see Table 1. 
Details: see text. 
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44. 
Comparison with older data on Callosobruchus 
Brauer and Taylor (1936), on the basis of l igat ion and thermo-lesion 
experiments drew the conclusion that the establishment of prospective 
values appears to be due to a wave of organization emanating from the 
posterior extremity of the egg, immediately af ter the egg is la id , and 
spreading gradually forward towards the anterior extremity during +he 
f i r s t Érg" hours at an incubation temperature of 280C. This would mean 
that the long germ-type embryo of Gallosobruchus would have to be 
c lass i f ied among the eggs having an act ivat ion centre and which usual-
ly belong to the short germ-type. As for the l i ga tu re s , t h i s conclu-
sion was based upon the observation of complete embryos after earlv 
anterior const r ic t ion, whereas early and complete poster ior l igat ion 
prevented embryonic development in the anterior egg fragment. I t i s , 
however, evident from the description of Brauer and Taylor 's resul ts 
that these conclusions were based on too small a number of cases. We 
have shown that development of anter ior pa r t i a l larvae is not at a l l 
impossible af ter early posterior constr ict ion (Fig. 1a). Moreover, 
Brauer and Taylor 's observation of "bifid" (= longitudinally sp l i t ) 
germ-bands must be due to erroneous in terpreta t ion of whole mounts 
with indis t inc t outl ines and/or unclear his tological sec t ions . Unless 
longitudinally sp l i t germ-bands stop development before cuticle forma-
t ion , t h i s type of abnormality did not occur af ter constr ict ion in our 
hands. However, s imilar germ-bands have been observed by one of us 
(D.M.M.) and probably resulted from damage to the egg during removil 
from the substrate immediately af ter oviposition. The independent l a -
t e r a l plates each had formed a mesodermal ce l l layer and showed caudal 
plate extension and segmentation. They were fixed for h is tological 
study in t h i s stage so that t he i r possible further development could 
not be followed. 
Brauer and Taylor (1936) also reported the formation of "complete 
regulation embryos" in posterior egg fragments af ter complete l igat ion 
of the anter ior one-third pr ior to syncytial blastoderm formation. 
Considering t h e i r hair-loop l iga t ion technique i t was probably impos-
s ible to make l iga t ions anterior to about 80^ E.L., because the loop 
would s l i p from the egg (compare Jung, I966). However, in t h i s study 
complete larvae were only obtained af ter constr ict ion anter ior to 82$ 
E.L. Moreover, t h e i r his tological evidence does not c lear ly reveal the 
presence of cephalic lobes and segments (Brauer and Taylor, 1936: Fig. 
3 ) . 
The observation of longitudinally sp l i t germ-bands af ter early in-
t e r i o r thermo-lesion is taken by Brauer and Taylor (1936) to indicate 
the existence of "an anter ior ly located integrat ing factor" . The ob-
servation of poster ior pa r t i a l germ-bands after early anter ior thermo-
lesion also points in t h i s direct ion, as noted by Sander (1976). One 
incompletely l iga ted egg is in te res t ing because i t showed an anterior 
pa r t i a l germ-band continuous with a posterior unorganized par t , which 
also indicates anter ior influences on the segment pa t te rn . I t is 
therefore surpris ing to find Brauer and Taylor (1936) arguing, that 
"on the whole the principles of development of Odonate and HemiptR^ous 
eggs as found by Seidel (l924, 1929) hold t rue for the Coleopteran 
egg, as exemplified by Bruchus". 
Two other types of experiment, v iz . cyanide and amino acid t r e a t -
ment, were also performed (Brauer, 1935-1937, 1938, 1942, I960). Many 
abnormal germ-bands appeared from treatment of non-dechorionized eggs 
with dl - tyros ine , 1-ß-phenylalanine and cysteine (Brauer, 1942). 
45· 
Among them were embryos s p l i t longitudinally over parts of the germ-
band, and separate pieces of embryonic t i s sue without axial develop­
ment. However, one of us (D.M.M.) has repeated some of these t r e a t ­
ments and found no other effect than a few abnormal embryos, but these 
resulted from injury during removal of the egg from the bean (see 
above). Brauer's h i s to logica l description of undeveloped eggs holds 
perfectly for eggs which were accidental ly permeabilized to water or 
Ringer by injury during removal, as shown by his to logica l observations 
(Van der Meer, unpublished). I t i s therefore l ikely that the abnormal 
germ-bands as reported by Brauer (1942) were the resul t e i t h e r of ac­
cidental in jur ies during handling of the eggs or of the combined ef­
fect of injury and amino acid treatment. Probably penetration of amino 
acids was made possible by the injury. In any case the amino acid 
treatment does not throw an additional l ight on segment pat tern forma­
t ion in Callosobruchus. But i t appears worth while to repeat the amino 
acid treatment with permeabilized but otherwise non-injured eggs. 
Cyanide treatment revealed three metabolic phases during early de­
velopment of Callosobruchus, which were distinguished by t h e i r degree 
of s e n s i t i v i t y and the nature of the abnormalities produced (Brauer, 
19З8). I t i s not possible to r e l a t e these phases t o e.g. respiratory 
a c t i v i t y , because deta i led measurements of O2 uptake in the period 
from meiosis t i l l the ce l lu la r blastoderm are not available at pre­
sent. The measurements of Bodine (1929» 1934) on grasshopper eggs, 
Lints et a l . (196?) on Drosophila eggs, and Kalthoff et a l . (1975) on 
Smittia eggs suggest very low O2 uptake in t h i s developmental period. 
Generally, within any one phase of s e n s i t i v i t y the type of abnormal 
development depended on the dose of cyanide applied. 
The primary effect of the treatment was observed in the superf ic ia l 
layers of the periplasm, blastoderm or ventral p l a t e . Cyanide ions ap­
parently pass through the chorionic b a r r i e r and diffuse into the su­
per f ic ia l egg layers, as judged from his to logica l sections showing 
severe cor t ica l injury. In the f i r s t phase treatment took place be­
tween meiosis and syncytial blastoderm. Few segmented embryos showing 
anteroposterior polar i ty developed from recovered eggs. The bulk of 
the embryos, i f they showed any development at a l l , were not segmented 
and did not show any sign of anteroposterior organization. Treatment 
in the second phase (syncytial t i l l c e l l u l a r blastoderm stage) always 
resulted in segmented embryos with normal anteroposterior p o l a r i t y . 
Prom these resu l t s i t appears that anteroposterior polar i ty , as i n d i ­
cated by segment order, becomes i r revers ib ly determined around the 
s t a r t of blastoderm formation. This roughly coincides with the period 
in which the segment gap i s f i l l e d , as revealed by our constr ic t ion 
experiments. Lateral displacement of the germ-band observed in second-
phase eggs (Brauer, 1938: Pig. 13) together with up to 80% b i l a t e r a l l y 
duplicated embryos in third-phase eggs (CB t i l l early caudal p late 
stage) show that b i l a t e r a l symmetry i s determined much l a t e r than an­
teroposter ior asymmetry. These b i l a t e r a l duplications are probably 
i n i t i a t e d by physiological " s p l i t t i n g " of the ventral plate along the 
median l i n e . From the different degrees of duplication b i l a t e r a l sym­
metry appears t o be i r revers ib ly determined f i r s t in the prospective 
prothoracic region, s t a r t i n g around f i f teen hours at 300C (beginning 
of caudal plate extension) (compare Krause, 1953; Krause and Krause, 
1957). 
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Is the gap phenomenon caused Ъу mechanical damage? 
It has Ъееп shown that reduction of egg space near the constriction 
region frequently caused dorsal defects in segments which probably 
resulted from a premature closure of the dorsal "body-wall (Van der 
Meer, 1978a). Because the border segments sometimes were represented 
by only a very small ventral part, complete dropping of a segment was 
considered possible. Obviously it is interesting to study the gap phe­
nomenon only in as far as it results from interference with segment 
patterning processes. But an unknown overestimation of gap size might 
result from premature dorsal closure. However, such trivial dropping 
of complete segments probably can be neglected, because (a) the degree 
of overestimation is likely to be rou^ily identical in all stages tes­
ted, and (b) the gap size has decreased to about half a segment on an 
average in stage VP (Fig. 2). The latter gap size might represent the 
effect of faulty dorsal closure only. In any case the temporal dyna­
mics of segment numbers and gap size will not be affected. 
Besides an effect of general damage to the segment pattern it has 
been assumed that constriction might specifically damage putative pre-
localized segment determinants. As an explanation for the gap phenome­
non this would be an alternative for interference of the constriction 
with pattern specification (Herth and Sander, 1973; Sander, 1975» 1976; 
Vogel, 1977)· Arguments against this possibility were given by Herth 
and Sander (1973) and Sander (1975» 1976). 
In addition it might be expected that mechanical damage to putative 
prelocalized segment determinants is independent from the level of 
constriction, at least when the presumptive segment anlagen are evenly 
spaced over the total length of the embryonic egg part. However, Pig. 
2 does not show a constant gap size. In addition, if only general da­
mage to the egg's structure is involved, the only reason to assume 
differential sensitivity along the anteroposterior egg axis at any one 
stage might be the increase in egg diameter which reaches its maximum 
at about 70-75$ E«L. Contrary to expectation, Pig. 2 shows a decrease 
of the gap size in this constriction interval. It is therefore conclu­
ded that constriction damage to putative prelocalized segment determi­
nants cannot explain the dynamics of the gap phenomenon in Callosobru-
chus, except when the segment anlagen would be crowded in the region 
of maximum gap size. 
The fragment size needed to produce the same border segment in differ­
ent stages 
The conclusion from Pig. 5 that egg fragments should be made smaller 
in order to obtain the same segment as a border segment at successive­
ly older stages, in either anterior or posterior fragments, also holds 
for Bruchidius (unpublished calculations based on data from Jung, I966) 
and Protophormia (Herth and Sander, 1973)· However, for a given border 
segment comparison of these data with our Pig. 5 reveals a much larger 
variation in mean constriction level over successive stages in Callo-
sobruchus. Whereas in Bruchidius and Protophormia fragment size only 
gradually decreases, in Callosobruchus an initial increase in fragment 
size is observed, which subsequently passes into an irregular varia­
tion between stages Ш 2 and SBy and finally reverses into an evident 
decrease from stage SBy onwards. 
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We were not able to explain the reverse trends shown Ъу the size of 
anterior and posterior egg fragments between stages MI and NM2 (see 
also p. 42). They cannot be the result of an mhomogeneous distribu­
tion of the number of partial larvae over constriction stages and le­
vels (see p. 42). A possibility might be that posterior pole material 
is temporarily displaced m anterior direction by an early forward-
and backstreaming so that it can only become included in ал anterior 
fragment before stage Ш 2 . However, time-lapse observation has not re­
vealed such an ooplasmic streaming (Miyamoto, unpublished observa­
tions). The above trends are also reflected in the general decrease in 
mean segment numbers observed between stages MI and NM2 for a given 
constriction level m Table 4· The fact that this general decrease was 
not significant in most cases casts some doubt on the few significant 
differences observed between stages MI and NM2 in Pig. 5· Interpreta­
tion of the fluctuations in fragment size between stages MI and SBy as 
deviations from a mean would make them more or less constant until 
stage SBy, which is more in accordance with similar plots for Bruch1-
dius. The latter plots show a slow decrease of fragment size up to the 
syncytial blastoderm stage, followed by a steeper decrease from stage 
SBy onwards. This picture would also be more m accordance with the 
accelerated increase in segment numbers from stage SBm onwards in 
Cal1osobruchus (Table 4? Fig« О as well as m Bruchidius (unpublished 
calculations similar to those in Table 4; data from Jung, I966). 
We will now consider our results in the light of various possible 
mechanisms of pattern specification. 
A descriptive model for segment pattern formation 
In the discussion of formal models we will use a conceptual distinct­
ion of segment pattern formation into successive steps (compare San­
der, 1976). We assume that instructing signals first have to be trans­
ported through the egg cell so as to form a definitive equilibrium 
distribution, e.g. a gradient. Once this equilibrium distribution is 
present, a stable spatial arrangement of committed cells is realized 
after these cells have formed in the relatively stable spatial arran­
gement of the blastodermal sheet. We assume that cellular (segmental) 
instruction proper and cellular commitment take place during success­
ive blastoderm stages. Cellular (segmental) instruction implies that 
the cells read (interpret) the information contained in the signal and 
consequently become committed to a specific pathway of (segmental) 
differentiation. Instruction thus involves a switch in genetic activi­
ty in a group of blastoderm cells (Lawrence and Morata, 1976) which is 
maintained during subsequent segmental development. Finally an experi­
mental intervention can result in the instability of the normal equi­
librium distribution and in a re dist r1but1on of signals towards a new 
equilibrium. Removal of the intervention can result in a restoration 
of the original equilibrium distribution by the transport of signals. 
Our observations on segment pattern formation in Callosobruchus are 
consistent with the idea of two biochemical signals distributed as two 
opposite gradients in the egg (Sander, I960, I962, 1975» 1976; Sander, 
Herth and Vollmar, 1970; Herth and Sander, 1973) as well as with a 
one-signal model (Herth and Sander, 1973; Meinhardt, 1977)· It is ob­
vious that a position-dependent ratio of two signals itself may form 
one signal with a graded distribution through the egg. We assume that 
the signals are produced m the posterior egg region and inactivated 
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or destroyed throughout the egg. This results in a signal gradient 
with a posterior maximum. 
When it is assumed that the temporal dynamics of segment numbers in 
egg fragments reflects the transport of instructing signals (see e.g. 
Sander, 1976), it follows that a considerable part of signal transport 
occurs during embryogenesis and, in a number of species the main 
transport then would occur during blastoderm formation (see below). 
However, we assume a very early definitive arrangement of signals, 
probably during oogenesis because constriction as early as during 
meiosis in Euscelis (Sander, 1959» 1960)» Bruchidius (Jung, 1966), 
Pimpla (Achtelig and Krause, 1971), Protophormia (Herth and Sander, 
197З) and Callosobruchus (Fig. 1) did result m partial segment pat­
terns in anterior egg fragments. Consequently the temporal dynamics of 
segment numbers during blastoderm formation probably does not reflect 
the process of normal signal transport, because this has taken place 
long before blastoderm formation. If we assume that segmental commit­
ment starts at the blastoderm stage (for evidence: see below) then the 
number of segments in partial patterns may depend on the time left af­
ter constriction for the attainment of a new equilibrium distribution 
of instructions before the start of segmental commitment. The result­
ing segment pattern will reflect the state of signal redistribution 
during segmental commitment. In this view cellular (segmental) commit­
ment is a relatively fast process triggered by a clock mechanism which 
is to some extent independent of the progression of cellular instruct­
ion. The duration of segmental commitment may be the duration of one 
or a few mitotic cycles m the blastoderm (a few hours). This estimate 
is based on data from clonal analysis in Drosophila (e.g. Lawrence and 
Morata, 1977)· Signal redistribution should be a relatively slow pro­
cess in order to let it interfere with segmental commitment (compare 
Meinhardt, 1977)· We will now discuss some pertinent data in the light 
of this point of view. 
In Callosobruchus a distinct acceleration of the increase of seg­
ment numbers is shown in Pig. lb to occur between stages SBm and CB. 
Moreover the acceleration m anterior fragments starts a few hours 
earlier than that in posterior fragments (compare Table 4)· Upon in­
spection of earlier constriction and other data it appears that a com­
parable acceleration occurs in about the same developmental period in 
Bruchidius (Jung, 1966), Calliphora (Alléaume, 1971)» Protophormia 
(Herth and Sander, 1973) and Drosophila (Schubiger and Wood, 1977) · 
In Bruchidius this conclusion is supported by the outcome of a statis-
tical test similar to that used in Table 4 which shows the same re-
sult. The only difference between Callosobruchus and Bruchidius is the 
absence of decreasing segment numbers between stages MI and Щ16-32, 
in the latter possibly because no constrictions were applied at stage 
NM2 (unpublished calculations based on data from Jung, 1966). This 
blastodermal acceleration might be explained along the general lines 
presented above. With constriction from meiosis through early syncy­
tial blastoderm there is much time left for redistribution of instruc­
tions until the start of cellular commitment. Therefore a more or less 
constant low number of segments appears in anterior as well as in pos­
terior fragments, e.g. after equatorial constriction, irrespective of 
constriction stage. Because scalar values of the signal will rise on 
the posterior production side and drop on the anterior side of the 
constriction, a number of values coding for a number of segments will 
disappear on either side of the constriction. Constriction at success-
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ively later stages shortly before initiation of segmental commitment 
leaves progressively less time for redistribution and disappearance 
of instructions. Therefore the ensuing distribution at the start of 
commitment resembles moie the original normal distribution and conse­
quently results in the addition of segments m each fragment. Depend­
ing on the position of the egg region from where commitment starts to 
spread in anterior and posterior direction, the anterior segment num­
ber will start to increase earlier than the posterior segment number. 
A slight lead of segmental commitment in the anterior egg half would 
result in less time for deviation from the normal signal distribution 
and in an earlier increase m segment numbers. 
In this connection it should be noted that in Pimpla (Jung et al., 
1977) and possibly also in Drosophila (Vogel, 1977 and see below) pos­
terior partial segment patterns contain less segments than expected 
from the fate map (Jung et al., 1977; Miya, unpublished), whereas seg­
ment numbers in anterior partial larvae correspond to expectations 
based on this map. In the egg of Pimpla the posterior segment deficit 
is only observed after constriction between 60 and 80$ E.L. and is 
filled mainly during syncytial blastoderm stages. Prom our point of 
view the absence of an anterior segment deficit might result if con­
striction would not change the original equilibrium conditions in the 
anterior fragment so that no signal redistribution takes place. A dis­
cussion of the additional assumptions required to obtain this situa­
tion would be too speculative at this moment. 
Independent evidence from blast odermal cell mixing (Chan and Geh-
nng, 1971), clonal analysis of segment pattern formation (Lawrence, 
1973; Steiner, 1976; Wieschaus and Gehring, 1976; Lawrence and Morata, 
1977)i blastodermal cell transplantation (lllmensee and Maliowald, 
1974), U.V.-induced polarity reversal and delayed photo-reversal of 
double abdomen formation (Kalthoff et al., 1975)» thermo-lesion and 
pricking experiments (Bownes and Sang, 1974a, b; Bownes, 1976a, b) 
also indicates that embryonic segmental commitment takes place in the 
blastoderm period. 
The observed overlap of developmental frequencies for individual 
segments between anterior and posterior fragments, e.g. in stages CB 
and VP (Pig. З), might seem to be at variance with the termination of 
segment increase m stage CB (Pig. 1b). The overlap suggests that con­
siderable shifts in segment position in comparison with their normal 
position of specification are still possible in stage VP. A similar 
but less extensive overlap was also found in Bruchidius in stage VP by 
Jung (1966; see Herth and Sander, 1973: Pig. 13) and in Protophormia 
in late stage CB by Herth and Sander (1973! Pig· 6). It should be no­
ted that although the accelerated increase in segment numbers ends in 
stage CB, a slight increase still continues thereafter. Pig. 2 shows 
that it is only in stage VP that complementary segment patterns are 
found for the first time, so that there is no conflict between Figs. 
1 and 3· 
As to the capacity of egg fragments to differentiate independently 
from other egg parts, the spreading of cellular commitment from about 
the equatorial egg region would result in progressively smaller egg 
fragments acquiring the capacity to differentiate independently start­
ing with an egg fragment larger than 50$ E.L. This is exactly what has 
been observed m Lept mot arsa (Haget, 1953» Sander, 1976: Fig. 26), 
Dacus (Anderson, I960; Sander, 1976), Bruchidius (Jung, 1966; Sander, 
1976: Pig. 26), Calliphora (Alléaume, 1971; Sander, 1976: Pig. 32), 
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Protophormia (Herth and Sander, 1973Ï Pigs. 7, 8), Drosophila (Schubi-
ger and Wood, 1977) and Callosobruchus (Figs. 1, 3), although there 
exist differences in spatiotemporal progression of commitment at com-
parable stages between these species. Haget's (1953) finding of a par-
tial larva in an equatorial egg fragment from which both poles had 
been cut away in the young syncytial blastoderm stage, nicely fits 
this model. No development occurred in the polar egg fragments when 
the cuts were made in stage SBy, indicating that only cells in the 
equatorial fragment were committed to differentiate segments. When the 
cuts were made in the cellular blastoderm stage both polar regions had 
also acquired the capacity autonomously to form a partial embryo, in-
dicating that commitment had progressed to the polar egg regions as 
well. The widening in polar direction in progressively older constric-
tion stages of the equatorial egg region critical for bipartite devel-
opment, might show that the borders of this region are not determined 
by spatial constraints resulting from egg shape. If e.g. constriction 
within a special equatorial region would prevent the egg fragments 
from bursting, whereas constriction outside this region would lead to 
bursting of the smaller egg fragment, then the extent of this region 
should not change with developmental stage. On the other hand it is 
possible that the elasticity of the egg contents or of the chorion 
would show stage-dependent changes, which are reflected in the widen-
ing of the critical region for bipartite development. The possible 
influence of other internal factors, such as osmotic pressure of the 
ooplasm and extension of the nuclear sphere should also be taken into 
account. In any case, the anterior and posterior borders of the nu-
clear sphere do not coincide with the borders of the "critical region 
for bipartite development" in Bruchidius (Jung, 1966) and Leptinotarsa 
(Haget, І95З)· However, the lagging behind of the borders of the cri­
tical region might be explained by assuniing that a critical number of 
nuclei is necessaiy to allow embryonic development in an egg fragment. 
In assuming this one should also take into account that ooplasmic 
streaming from the smaller into the bigger egg fragment will decrease 
the number of nuclei in the smaller fragment. The maximum limits of 
the critical region might be dictated by a minimum fragment volume, 
needed to allow embryonic development. At present it is not possible 
to decide which possibility is relevant or whether several of them 
play a role during different developmental periods. 
The so-called differentiation centre (Seidel, 1924) might then 
constitute the egg region where the anterior and posterior instruct­
ing signals first reach a critical absolute level required to trigger 
subsequent differentiation in a peculiar stretch of the middle region. 
Alternatively this triggering might be caused by an independent clock 
mechanism. Consequently, cellular commitment to specific pathways of 
differentiation would start from here in the direction of the poles 
(Sander, 1976). The position of the differentiation centre, which va­
ries among different insect species (prospective prothorax: e.g. Pla-
tycnemis; Seidel, I96I, or first and second prospective abdominal 
segment: e.g. Calliphora; Alleaume, 1971), may depend on the spatio-
temporal distribution of the two signals. 
According to Meinhardt (1977) the lateral inhibition model pre­
dicts that early constriction in the posterior pole region containing 
an activated source, would result in the formation of more segments 
in the posterior egg fragment than late constriction (see his Pig. 
9E, P: simulation of constriction of Bruchidius egg at 35$ E.L.). 
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This would Ъе due to the accumulation of inhibitor, resulting m a 
negative feedback on activator production and hence on inhibitor con­
centration itself. After late constriction the time interval until 
definitive segmental commitment of blastoderm cells would be too short 
for the negative feedback to be effective. This would result in the 
inhibitor, which is assumed to specify positional information by at­
taining a smaller concentration range. Therefore fewer segments will 
be formed than after earlier constriction, a situation quite contrary 
to the result of constriction in the middle region of the egg. 
Unfortunately a direct and unequivocal test of this prediction is 
rather difficult because m Callosobruchus as well as in Bruchidius 
(Jung, 1966) posterior partial larvae appear only after relatively 
late constriction (stage ИМ16-32) and at the relatively forward con­
striction level of 35% E.L. In this situation a decrease from seven to 
four segments on an average is found between Щ16-32 and CB in Calloso-
bruchus. This trend to decrease is also found at slightly more anteri­
or constriction levels (up to ^Ζ,^ο E.L.) between stages SBy and SBra 
(Table 4)· However, the number of partial larvae on which these compa­
risons are based, is generally too low for reliable statistical evalu­
ation. 
In Bruchidius segment formation m posterior egg fragments was ob­
served for the first time in steige Міб-32 at 40-44% E.L., with one 
posterior partial larva of seven segments. Constriction at 35-39% E.L. 
(compare Meinhardt, 1977: Fig. 9E, P) resulted in only one posterior 
partial larva of seven segments, and not before stage SBy. In stage 
SBm two posterior partíais consisting of six and thirteen segments 
were formed at 35-39^ E.L. Five posterior partíais were found in VP 
at 35% E.L., three of which consisted of nine, one of ten and one of 
eight segments (average ten segments). Comparison of mean numbers of 
segments m posterior partial larvae obtained from constriction around 
35% E.L. in Protophormia reveals the following: three cases with three, 
two cases with two, and one case with one segment m late cleavage 
(stage III); two cases with three segments in stage SBy (iV); one case 
with two segments in late syncytial blastoderm and another case of two 
segments m the cellular blastoderm stage (VI and VII; data from Herth 
and Sander, 1973: Fig· 6). Neither was a decreasing segment number 
with advance of development observed m posterior partíais of Euscelis 
(Sander, 1959: Fig. 11). From these data it is clear that Meinhardt's 
prediction of a decreasing segment number m relatively small poster-
ior egg fragments in successively older constriction stages is not 
only difficult to verify but certainly not substantiated by the data 
from Bruchidius, Callosobruchus, Protophormia and Euscelis. 
The lateral inhibition model also predicts that a slight anterior 
shift m constriction level m the posterior pole only will result in 
a much greater change m segment number of anterior partial larvae 
than a corresponding shift in the equatorial or anterior egg region. 
This effect is expected to be most pronounced in early constriction 
stages, when the gradient profiles of activator and inhibitor would 
still be very steep. A dramatic decrease in mean segment numbers and 
a wide scattering of individual segment numbers around the mean was 
indeed observed m Leptinotarsa (Haget, 1953: Fig· l8), Euscelis 
(Sander, 1959: Fig. 22b, stage RT), Bruchidius (Jung, 1966, Fig. 6, 
10), Protophormia (Herth and Sander, 1973: Fig. 5a., b, c), Drosophila 
(Schubiger and Wood, 1977: Fig. 5» 30 ram., 60 mm.) and Callosobru-
chus. In Cal1os obruchus this phenomenon is evident in the steepness 
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of the curves for anter ior par t i a l larvae in the 0-20% E.L. region. 
The curves for poster ior pa r t í a i s are re la t ive ly more shallow between 
80-100% E.L. However, these curves do not allow to conclude that an 
anter ior control centre is absent. In Bruchidius the displacement of 
anter ior polar ooplasm into posterior egg fragments did not convin-
cingly increase the number of segments m the posterior pa r t í a i s form-
ed (Jung and Krause, 1967)· Interference with the anter ior pole region 
did produce some abnormalities, which were also observed in Calloso-
bruchus by Brauer and Taylor (1936). Among these a double abdomen-type 
embryo was found, the development of which can be explained m terms 
of the l a t e ra l inhibi t ion model (Van der Meer, 1978b). 
Taken together, the resu l t s of constr ict ion experiments in d i f fer -
ent insect species f a i l to provide conclusive evidence for only one 
posterior control centre as postulated m the l a t e r a l inhibi t ion mo-
del . I t should also be noted that m the above species with long and 
semi-long germ-types the reaction to posterior constr ic t ion i s not of 
the all-or-none type found in the short germ-type, e .g . Platycnemis 
(Seidel, 1929; compare Meinhardt, 197?)· The l a t t e r species indeed 
provides a good argument for only one posterior control centre (Mem-
hardt , 1977)» but only in t h i s egg type. 
Segment pattern specif icat ion by a mosaic of signals 
Vogel (1977) in terpre ts his resul t s of constr ict ion experiments in 
Drosophila eggs with a novel technique in terms of a coarse mosaic of 
maternal signals for cephalic, thoracic and abdominal segments. His 
main arguments are (a) the absence of a decreasing segment gap with 
increasing constr ict ion stage as observed in other insect eggs and in 
Drosophila eggs constricted with Sander's pinching machine (Schubiger 
and Wood, 1977? Vogel, 1977)1 (b) the insufficiency of a decreasing 
gap as the sole argument for an overall control mechanism of segment 
pattern formation, and (c) the absence of overall changes in segment 
patterns in Drosophila brought about by experimental intervention. 
Because in my opinion these arguments were not given the proper weight 
m Vogel's decision for a mosaic system, the following comments might 
balance his argumentation. 
Fi rs t Vogel (1977) explains the gap by interference of the con-
s t r i c t i o n with a poster ior shift of developmental capacit ies for ind i -
vidual segments. The shift as well as the posterior gap are for the 
f i r s t time observed in stage Ш8, although Vogel (1977) weakens his 
own reasoning by the wrong statement that the shift s t i l l occurs when 
the posterior segment gap has disappeared. However, he does not ex­
plain why the poster ior gap only includes segments 6-10, whereas the 
shift moves the anlagen for segment 1-8 poster ior ly . Neither does i t 
become clear why the poster ior gap disappears at stage NM128-512, when 
the posterior shift of developmental capacities i s s t i l l underway. 
Second i t can be argued that the existence of the poster ior segment 
def ic i t i s questionable. 
The poster ior gap reported by Vogel (l977) in Drosophila after con­
s t r i c t i o n at stage M8-64t between 35-60% E.L. was observed only with 
a novel constr ict ion device. Schubiger and Wood (l977) and Vogel 
(1977), using Sander's pinching technique (Sander, 197l)t cUd· П0"Ь ob­
serve t h i s poster ior gap. I t s r e a l i t y seems somewhat doubtful anyhow, 
because the corresponding data from anter ior p a r t i a l patterns are 
scarce in the constr ict ion region where the poster ior gap i s la rges t . 
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I t i s possible that the gap size i s not extra large hut that i t s posi­
t ion changes more slowly in t h i s region. In Vogel's study s imilar i r ­
regular changes m gap position are also seen in other stages (e .g . 
steige GB). On the other hand i t is also possible that a poster ior gap 
could Ъе shown to occur in stage Щ128-512, if more data were avai l­
able. Moreover the poster ior gap might resul t from the technique used 
(compare also the absence of p a r t i a l larvae af ter constr ict ion between 
35-70$ E.L. in stage NM1-4, which Schubiger ала Wood (197?) did not 
find at stage Ш2-8 with a comparatively unrefined constr ict ion tech­
nique) . 
Finally observation of a decreasing segment gap only would be i n ­
sufficient to justi fy a gradient model for Drosophila (Herth and San­
der, 1973; Vogel, 1977). However, large-scale reversal of po lar i ty , as 
found in the maternal mutants bicaudal (Bull, 1966) and M(l)OSp/Binsn 
and the dicephalic monster of Lohs-Schandin and Sander (1976) strongly 
suggests an overall control mechanism for segment pattern formation in 
Drosophila too. One should not postulate more complex mechanisms for 
the generation of polar i ty reversal when simple gradient mechanisms 
can be used as a formal explanation. 
In Callosobruchus and Bruchidius the observation of a decreasing 
segment gap only would be open t o the same objections. However, Jung 
and Krause (1967) already reported a case of polar i ty reversal m 
Bruchidius a f ter experimental interference with the anter ior pole. 
Moreover, polar i ty reversal has now been induced m the eggs of both 
species by a certa in type of temporary constr ict ion (Van der Meer, 
1978b and unpublished observations). These r e s u l t s exclude a mosaic 
mechanism of pattern specif ication in bruchid beetles as well. 
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SUMMARY 
CalloBobruchus egge were temporarily constricted in order to test 
whether the lack of some larval segments observed with permanent con­
striction (gap phenomenon) can result from damage to putative preloc-
alized segment determinants. Considerable numbers of complete larval 
segment patterns developed from those eggs in which anterior and post­
erior ooplasm re-fused after removal of the constriction. Apart from 
the usual spatial type of gap also "non-spatial gaps" were found. 
These consist of a physically united series of segments with some seg­
ments missing in between. "Multiple gaps" were also found, which con­
sist of more than one spatial and/or non-spatial gap in one array of 
segments. Non-spatial gaps develop in eggs which retain a specially 
structured transverse zone located in the former constriction region. 
This zone is formed in a cleft which is left in the yolk material as a 
result of incomplete fusion after removal of the constriction. The 
cleft becomes filled with yolk-free ooplasm, which either remains free 
of nuclei or becomes syncytial or cellular. 
The multiple and non-spatial gaps show that constriction can in­
flict damage upon the egg structure which may become permanent, de­
pending on mechanical and physical properties of the egg (ooplasm). 
Secondary interference of this damage with either epigenetic specifi­
cation of metamerie order or prelocalized segment determinants can 
produce a segment gap. 
The finding of polarity reversal (double abdomen) affecting large 
series of segments provides conclusive evidence for an overall control 
mechanism of segment specification and supports the interpretation of 
spatial, non-spatial and multiple gaps in terms of such an overall 
control. About half of the longitudinal duplications were restricted 
to longitudinal cuticular bands covering one lateral half or less of 
the larval circumference. Some transverse duplications were also found 
and are discussed in the light of current ideas on the specification 
of the transverse body pattern. 
INTRODUCTICN 
"When insect eggs are divided into two fragments by constriction in 
early stages of embryogenesis, the resulting partial embryos or larvae 
represent a metamerie pattern which is characterized by a segment gap 
(for recent reviews see: Kalthoff, 1976; Sander, 1976). The gap pheno­
menon is currently interpreted as resulting from interference of the 
constriction with the transport of one morphogenetic signal or two 
such signals in opposite directions through the egg (Sander, 1976), 
or as the result of signal redistribution after constriction and its 
interference with cellular commitment (Meinhardt, 1977» Van der М г 
and Miyamoto, 1978). Specific sets of blastoderm cells are thought to 
become instructed to form specific segments by the position-dependent 
absolute scalar value of one signal or by the ratio between an ante]>· 
ior and. a posterior signal. Whatever the details of the effect of in­
terference of early constriction with the instructing signale, con­
striction would result in the absence on either side of the constric­
tion of a number of specific instructions and their corresponding 
segments. 
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A priori the possibility exists that the absence of segments is 
caused by damage to a putative mosaic of prelocalized segment determi­
nants, and has nothing to do with the disturbance of an epigenetic me­
chanism of segment specification. Various arguments make this possibi­
lity unlikely (Herth and Sander, 1973), but only recently was the da­
mage hypothesis tested experimentally. Twice the amount of mechanical 
disturbance was inflicted upon eggs by a constriction and subsequent 
immediate removal of the constriction. The eggs where anterior and 
posterior ooplasm re-fused were considered as an adequate test, be­
cause the possibility for the hypothetical communication between the 
two egg parts was re-established. Spontaneous fusion of anterior with 
posterior ooplasm has been observed in Euscelis (Armbruster and San­
der, unpublished: cited from Sander, 1975a.), Smittia (Sander, 1975a), 
and Drosophila (Vogel, 1977a). In Drosophila fusion was enforced by 
puncturing the barrier produced by ligation (Schubiger et al., 1977)· 
In either case it was found that normal embryos or larvae can develop 
from fused egg parts. 
In a previous study, using permanent constriction of С al1osobruchus 
eggs, the segment gap was shown to decrease with postero-anterior 
shifting of the constriction level (Van der Meer and Miyamoto, 1978). 
It was argued that such a spatial dependency of the gap size is diffi­
cult to explain solely in terms of constriction damage to a putative 
mosaic of prelocalized segment determinants. As a more stringent test 
in Callosobruchus eggs a series of brief temporary constrictions was 
started. As soon as it appeared that not only normal larvae but also 
a number of other interesting pattern abnormalities resulted from 
re-fused as well as non-füsed eggs, the experiments were extended to 
temporary constrictions of varying duration and with different stages 
and levels of constriction. 
This study presents a first general survey of the normal and abnor-
mal segment patterns obtained, sane of which are described in detail. 
Taken together, the results of our studies on the effect of temporary 
constriction on the segment pattern justify a reconsideration of some 
current ideas on, and descriptive models for segment pattern formation 
in insects. 
MATERIALS AND METHODS 
Methods for culturing beetles (Сal1osobruchus maculatus Fabr.) and for 
obtaining and handling staged eggs, as well as details of the con­
striction procedure have been described elsewhere (Van der Meer, 
1978a). The following details must be added to the constriction proce­
dure described there. 
Immersion in water of the beans covered with eggs immediately upon 
oviposition is important for the preservation of the flexibility of 
the chorion and hence is required for resumption of the original egg 
shape after removal of the constriction. The extent of resumption of 
the original chorion shape is likely to affect (1) the frequency of 
re-fusion, (2) the establishment of physical contact between anterior 
and posterior egg contents in the absence of re-fusion, and (3) the 
egg space in the former constriction region which, if insufficient, 
may cause suppression of dorsal segment halves (Van der Meer, 1978a). 
A decrease in percentage of cases with "ventralized" segments from 41$ 
in permanent constrictions to 18$ in temporary constrictions has in-
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deed been observed. It appears that in the absence of re-fusion the 
establishment of physical contact between the anterior and the poster­
ior egg fragment influences the segment patterns formed after tempora­
ry constriction (Van der Meer, 1978b: in preparation). 
During the constriction period the apparatus with eggs was incubated 
in 100$ relative humidity at 300C. The eggs need not be covered with 
fluorocarbon oil as in permanent constrictions. At the desired stage of 
removal the razor blade is gradually screwed up, observing the process 
under a dissection microscope and taking care to avoid abrupt ooplasmic 
back-flow (Pig. 2b-e). Eggs adhering to the plastic sheet and to the 
razor blade are carefully removed and collected in an embryo dish with 
insect Ringer solution. Initially these eggs were left at room tempera­
ture (20-220C) for 30 minutes, to allow re-fusion within a relatively 
short developmental period. However, it was found that re-fusion ob­
served with the dissection microscope did not guarantee that the ante­
rior and posterior ooplasm were continuous at the ultrastructural and 
physiological levels. Therefore re-fusion was later ascertained in the 
cellular blastoderm steige, because false fusions then show up by a 
transverse zone of blastodermal cells in the constriction region, or 
by the absence of a blastoderm in one of the egg halves. The constric­
ted eggs were then incubated in 30oC and 100$ R.H. to prevent evapora­
tion of the Ringer solution. 
A description of normal stages including abbreviations used for con­
striction and removal is contained in the legend to Table 1. Constric­
tion and removal stages will be indicated in that order, separated by 
a slant line. 
Fixation, clearing ала preparation of permanent whole mounts of the 
larvae were carried out according to the first method described by Van 
der Meer (1977). 
In total 863 eggs from temporary constrictions applied during stages 
NM2/NMl6-32 between 50 and 80$ E.L. were individually incubated and ob­
served at critical stages of development. These observations were docu­
mented with drawings and photographs to obtain knowledge of successive 
stages in the developmental course of different abnormalities. The se­
ries also showed that in general blastoderm formation was not retarded 
as a consequence of the constriction. Occasional retardations may have 
resulted in slightly less accurate staging at removal of temporarily 
constricted eggs. 
RESULTS ANT) СШСШЗІШЗ 
General remarks 
It appears from Table 1 that the Callosobruchus egg is very sensitive 
to temporary constriction, and that the result "no development in 
either egg fragment" occurs much more frequently than with permanent 
constriction (Van der Meer, 1978). The number of eggs yielding larvae 
in the "not analysable" and "not differentiated" classes never exceeds 
7$, except after constriction immediately before and during cellular 
blastoderm, which resulted in about 25$ non-analysable larvae. Obvious­
ly the constriction then starts to interfere with the morphogenetic 
movements involved in gastrulation and caudal plate extension. This 
results in well differentiated but very abnormally organized embryos. 
Tobi« l.i Survey of temporary, complet« constriction experlnants and overall results. 
Stag* of constriction 
Stage of reeoval 
»42 
«416-32 SBy 
mi6-32 
SBy SBo 
SBB 
san 
SBO 
SBo 
Eggs 
constricted 
no dev^lopeent 
not analysable 
not differentiated 
analysable 
2277 69Θ 2323 2140 437 Θ24 ΘΘ9 
1Θ2 θ 425 61 1899 Θ2 1626 76 2Θ5 65 552 67 605 
1 0 9 1 22 1 20 1 17 4 16 2 11 
0 0 16 2 21 1 2Θ 1 20 5 31 4 15 
44 2 24Θ 36 3Θ1 16 466 22 115 26 225 27 259 
811 202 2241 170 
679 Θ4 143 71 1498 67 149 Ι 
3 0 1 1 46 2 0 0 
120 15 56 28 658 29 17 10 23 
412 
Э8Э 
5 
1 
93 
1 
0 
6 
35Θ 
2Θ1 79 
1 0 
7 2 
69 19 
199 
133 67 
0 0 
Η 7 
52 26 
30Θ 
221 72 
0 0 
13 4 
75 24 
252 
151 60 
0 0 
2 1 
99 39 
100 
47 47 
3 3 
0 0 
50 50 
60 
31 46 
18 27 
0 0 
19 20 
95 
53 
22 
0 
20 
56 
23 
0 
21 
Constriction range 
( * E . L , ) 5 0 - 8 9 2 5 - 9 9 1 5 - 8 9 1 5 - 9 9 5 0 - 8 9 4 5 - 9 9 4 5 - 9 4 
η % η % η % η * η % π % η » 
6 0 - Θ 9 4 5 - 8 9 3 0 - 3 9 4 5 - 4 9 2 5 - 7 4 3 0 - 6 4 3 5 - 6 9 4 0 - 6 4 
η % π % η » η % η % η % η \ η \ 
4 5 - 6 9 4 0 - 6 0 4 0 - 6 0 4 0 - 7 1 
η % г» * η * η * 
Larvae 
nerval and coDplete 
anterior partial 
posterior partial 
40 91 94 34 ΘΘ 23 96 21 9 θ 20 9 73 28 
1 2 15 6 111 29 37 8 I I 0 0 1 0 
1 2 149 60 178 47 329 71 96 84 179 80 167 65 
15 13 45 80 216 33 ι 6 0 0 33 48 3 6 1 1 
0 0 1 2 19 3 2 12 10 44 3 4 5 10 20 27 
10 3 86 1 2 307 47 2 12 7 30 1 2 2 4 3 4 
0 0 31 62 11 58 4 20 
5 0 0 
1 2 0 0 2 10 
anterior and 
posterior partial 0 0 4 1 1 9 θ 26 12 17 2 2 9 16 116 18 12 71 6 26 32 46 42 81 51 68 79 80 17 34 7 37 14 70 
Stages of constriction and removal NM = nuclear migration with numbers of nuclei Indicated SBy, Sun and SBo - respectively, 
syncytial blastoderm young Ino cell membranes, protruding pole cells) , middle (radial cell membranes being formed, protruding 
pole cells) and old (radial cell membranes cut deeply into periplasm, pole cells less prorainent) CB - cellular blastoderm 
(tangential cell nembranes formed, pole cells invaginated) a) This category contains eggs which showed no developsent of a first 
larval instar because of bursting of the chorion and/or the vitelline and egg cell membrane, and because of developsental arrest 
before deposition of a cuticle b) Eggs yielding well differentiated larvae which showed highly abnormal spatial organliation 
of pattern elenente resulting in non-recognlzablUty c) Eggs yielding cuticularized larvae WLthout pattern elements, d) Humbers 
are expressed as percentages of the total number of analysable larvae. Table 2 presenta a survey of the different types of partial 
larvae, which are here treated as either anterior, posterior or anterior and posterior partíais (bipartite development in both 
halves of the same egg) e) This category contains normal larvae as well as larvae possessing all segments but In which sow 
pattern elements (bristles, hairs, stigmata etc ) were occasionally missing in some segments 
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Re-fused egg parts 
Re-fusion of anter ior and poster ior ooplasm resulted in e i t h e r nonna! 
or so-called " l i p at the Ъе11у"-1аг ае. These larvae consist of a 
s p a t i a l l y united se r ie s of segments in which scane segments are missing 
in one posit ion (Pig. Id, 4a and see below). 
SEGMENT GAP 
spatial arithmetic code 
Θ 
1 · • . 7 8 • 
.„ 
© 
, . . . з 
Θ 
, . . 
-
\n. 
le. 
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.„ 
® 
1 . . . 4 ~ 10 · •19 
5/S 
s A 
s~s 
Fig ' 1 
Diagram showing different types of 
segment gap observed after tempora­
ry constriction in Callosobruchus. 
Horizontal bars represent formal 
descriptions of possible segment 
patterns, with segments indicated 
by their serial numbers. S: set of 
segments which is continuous spa­
tially as well as arithmetically. 
S can be spatially discontinuous 
with another set of segments (s/s) 
or this set may be absent (s/-, -/s). 
S/S indicates either an arithmetic 
spatial gap or a spatial but non-
arithmetic gap (c). A gap that is 
both arithmetic and spatial (b) 
may be observed when anterior and 
posterior partial larvae develop in 
the same egg (bipartite development). 
S~S indicates a non-spatial, arith­
metic segment gap located within a 
physically united series of seg­
ments. 
Further explanation: see text. 
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Fig. 2 
Diagram of ooplasmic displacement during constriction and deconstric-
tion and subsequent events till cellular blastoderm formation in Cal-
losobnichus. Heavy arrows indicate movement of razor blade. The size 
of the arrows located in the hatched yolk endoplasm indicates the ex­
tent of its displacement. Thin arrows indicate possible successions 
in developmental events. Due to differences in volume/surface ratio, 
ooplasm will be forced from the smaller into the larger egg fragment 
during constriction (b), (c). This effect is more pronounced in the 
anterior than in the posterior region, because the maximum egg dia­
meter is reached anterior to the middle. After complete separation 
(d) the only layer that is not fragmented, is a double layer of vi­
telline membrane and chorion. The oolemma is severed and becomes con­
tinuous around each of the two egg parts (unpublished E.M. observa­
tions). During and after deconstrietion the ooplasm flows back (e), 
resulting in a small shift of the actual separation plane with res­
pect to chorionic mark made by the razor blade. This plane is slight­
ly oblicpie, because on the dorsal side ooplasmic back-flow is somewhat 
more extensive. Which developmental events will take place between 
removal and blastoderm formation depends upon the level, stage and 
duration of the constriction. Eaxly anterior or posterior constriction 
results in blastoderm formation in the posterior (g) or anterior frag­
ment alone (alternative development), because nuclei are excluded from 
the complementary fragment (position of zygote nucleus: 60±10$ E.L.). 
Late equatorial constriction frequently gives rise to a double blasto­
derm (f) resulting in anterior and posterior partial larvae in the 
same egg (bipartite development), (a): egg immediately after oviposi-
tion, (b) through (d): progression of constriction, (e) through (l): 
deconstricted eggs, (e) egg deconstricted prior to blastoderm forma­
tion, (f) same egg with blastoderm formed in both fragments, (g) egg 
with posterior partial blastoderm and anterior degrading yolk mass 
(cross hatched), (h) same egg showing ooplasmic clefts prior to blas­
toderm formation, (i) anterior and posterior ooplasm completely re-
-fused, (j) incomplete re-fusion leaving an ooplasmic cleft, which 
may become permanent and is either immediately filled with ooplasm 
only or populated with nuclei (k); in the latter саше it may remain 
syncytial or become cellular (l). 
Abbreviations: see Pig. 1. 
Drawings based on in vivo observation of 863 eggs. 
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"Normal and complete" larvae (Table l) can develop e i t h e r elfter r e ­
fusion of anter ior with poster ior ooplasm timely before blastodenn 
formation or a f ter constr ict ion near the egg poles. Polar constr ict ion 
forces a l l ooplasm from the smaller into the larger fragment, which 
then carr ies a l l factors required for the formation of a normal larva 
(Fig. 2b, с and Van der Meer, 1978a: Fig. 1f). 
In order t o t e s t whether mechanical damage from the two-step con­
s t r i c t i o n would produce a segment gap by destruction of putative pre-
localized segment determinants, re-fused eggs were i n i t i a l l y selected 
under the dissection microscope 30 min. (at 20-220C) af ter removal of 
the blade. These eggs can be considered as an adequate t e s t because 
(a) they underwent much more mechanical disturbance than permanently 
constr icted eggs, and (b) fusion i s thought to be a necessary condi­
t ion for communication between the egg fragments, which in turn i s 
assumed t o be necessary for normal segment pattern formation. Chly 
immediately re-fused eggs were selected, since la te fusion might leave 
insufficient time for the res torat ion of a stable normal d i s t r ibut ion 
of ins t ruct ing signals before the s t a r t of ce l lu la r commitment during 
blastoderm formation. However, a f ter some early constr ict ions i t was 
frequently observed that nuclei could not pass the former constr ict ion 
region in "re-fused" eggs, suggesting that some kind of b a r r i e r r e ­
mained after "re-fusion". Subsequent electron microscopic observation 
revealed that "re-fused" eggs sometimes remained divided into two 
fragments T^y a very small space between the egg ce l l membranes of the 
two fragments, which was not v i s ib le in the dissection microscope. 
This occurred predominantly when the constr ict ion was made near the 
egg poles, where the two egg fragnents are pushed t i g h t l y against each 
other as a resul t of considerable back-flow of ooplasm af ter removal 
of the constr ict ion (Fig. 2e) . Therefore re-fused eggs were l a t e r se­
lected at stage CB, when the or iginal ly invis ible transverse zone 
c lear ly shows up by the presence of a transverse double layer of c e l l s 
and the following approach was adopted. Observation of individual eggs 
showed that true re-fusion was mainly confined t o constr ict ions rough­
ly between 30 and 69$ E.L., whereas false re-fusion was found outside 
t h i s region (see above). Normal and " l i p at the belly"-larvae r e s u l t ­
ing from constr ict ion within t h i s region were therefore considered t o 
have developed from complete and incomplete (see below) fusions r e s ­
pectively. The frequencies of these larvae were calculated as percent-
ual fractions of t o t a l analysable larvae within 30-69$ E.L. and can be 
considered as re-fusion frequencies (Table 2) . 
I t appears from Table 2 t h a t : 
(a) Re-fusion takes place in only a small fraction of the temporarily 
constricted eggs. This i s indicated tiy the generally low number of 
analysable larvae obtained from re-fused eggs ( l ine "30-69$ E.L.) . 
(b) More than half, and maximally about 90$ of the analysable larvae 
from re-fused eggs obtained by brief constr ict ions (TI = 0 h r s . , 
i . e . : 0-5 min.) developed into normal larvae (except during stages 
NM4-8/NM4-8 and СВ/СВ). 
Table 2. Fractions of normal (η) and " l ip at the belly'-larvae (S~S) from fused eggs. 
Stage o f c o n s t r i c t i o n 
Stage o f removal 
* E.L. 
m2 
M42 ΝΜ4-Θ »116-32 SBy 
η S-S η S-S η S-S π S-S 
ΝΜ4-Θ 
Ж4-е W16-32 ΙΜ64-12Θ SBy 
η S-S η S-S η S-S π S-S 
Ю116-Э2 
NM16-32 SBy SDo CB SBy 
η S-S η S-S η S-S η S-S π S-S 
SBy 
SBm SBo CB 
η S~S η S-S η S-S 
SBo SBo CB 
SBm SBo CB 
η S-S π S-S η S-S 
30-39 0 0 0 0 8 0 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
40-59 39 1 0 0 1 0 1 0 0 0 0 0 1 5 1 0 0 0 44 0 4 64 1 3 0 0 30 19 3 2 3 1 2 0 1 3 1 1 4 1 1 3 4 2 
60-69 1 0 1 0 4 0 1 2 3 3 0 19 3 6 0 2 1 0 3 39 0 0 0 0 3 1 0 5 0 0 0 0 0 0 0 0 0 1 
30-69 40 1 1 0 22 1 5 2 3 3 0 20 В 16 0 2 45 0 7 1Û4 1 3 0 0 33 21 3 29 1 2 0 1 31 14 11 3 4 3 
91t (2%) <0t) 0% 11% (It) 4t (2%) St 5% 0% 20t 9t 19t Ot (10t) Θ0% 0% 3» 46\ (6t> 18% 0% 0% 48% 30% 6* 57% (l%)(3l) 0% [It) 62t 2et 58% 16% 21t 16% 
An 44 75 202 129 58 100 86 21 56 228 17 21 69 51 74 99 50 19 19 
Tl 0 1 2 4 0 1 2 3 0 2 8 9 0 4 6 7 0 0 0 
T2 11 10 9 7 10 9 8 7 9 7 3 0 7 3 1 0 3 1 0 
Abbreviations see Table 1, t E L constriction level, Tl duration of constriction (hrs. 30OC) , T2. tüne 
interval between renoval of constriction and CB (hrs. 30 C). Percentages were calculated as a fraction of the 
total number of analysable larvae (An) obtained between 30-69 t E.L. Fusion had been observed to be restricted 
to this constriction interval Category "n" contains normal and complete larvae (see legend Table 1 ) Percentages 
In parentheses are based on η ' 3 
68. 
% normal larvae 
100 
" l i p at the belly ' 
larvae S ~ S ( % : 
1 5 6 7 8 9 
Duration of constriction 
(Hrsat 30°) 
1 2 3 1, 5 6 7 β 9 10 11 12 
Hrs between removal of 
constriction and CB at 30oC 
Fig. 3 
Relation (a) between duration of constr ict ion and number of normal 
larvae and (b) between number of " l i p at the belly"-larvae and 
time interval elapsed between removal and stage CB. 
Percentages calculated as fractions of t o t a l number of analysable 
larvae obtained from re-fused eggs between 30 and 69% E.L. (see 
Table 2) . Constrictions s tar ted at stages Ш2 and NM4-8 were t e r ­
minated at or before stage SBy (7 h r s . before stage CB at 30oC). 
Explanation: see t e x t . 
Abbreviations: Table 1. 
The decrease in numbers of noiraal larvae observed with increasing du­
ration of constr ict ion is shown in Pig. 3a. I t appears from Pig. 3b 
that there i s no simple re lat ionship between the number of " l i p at the 
b e l l i e s " and the time interval between removal and segmental commit­
ment in stage CB. If these larvae would result from la te fusion, an 
increase would have been expected with removal at increasingly shorter 
times before stage CB. Pig. 3b shows that in general " l i p at the bel­
l i e s " are infrequently formed with both very long and very short time 
intervals between removal and stage CB. Moreover with advancing steige 
of constr ict ion and removal more " l i p at the b e l l i e s " are formed. 
To find out more about the developmental origin of " l i p at the bel-
ly '^larvae, 863 l iv ing eggs were individually observed. I t appeared 
that (a) eggs with a double blastoderm (Fig. 2f) only gave r i se to an­
t e r i o r and/or posterior p a r t i a l larvae, (b) " l i p at the b e l l i e s " de­
veloped among others from eggs "re-fused" (as seen in the dissection 
microscope) within 30 minutes after removal (27 cases) as well as af­
t e r l a te fusion some time before blastoderm formation (l27 cases). A 
special class of 28 eggs developed exclusively into " l i p at the bel­
l i e s " . These eggs were divided into two fragmerts by a transverse zone 
which contained translucent, yolk-free cytoplaEm and which was situa.-
ted in the former constr ict ion region (Fig. 2J, k ) . In a number of 
cases t h i s zone became populated with nuclei ard e i t h e r remained syn-
69. 
cytial (Fig. 2k) or became cellular (Pig. 21). Alternatively, it may 
remain devoid of nuclei (unpublished E.M. observation). In all these 
cases a blastoderm was formed all around the egg and continuous over 
the region containing the transverse zone. It is concluded that the 
transverse zone results from an incomplete re-fusion of anterior and 
posterior ooplasm. This would result in a small cleft (Fig. 2j) which 
immediately becomes filled with translucent yolk-free ooplasm. We do 
not know whether this zone is stabilized by the difference in viscosi­
ty between the ooplasmic and the yolk component of the egg or by de-
gradative changes in the yolk bordering the constriction, or by both. 
That the yolk component of the ooplasm is more viscous than the ooplas­
mic component is supported by an observation made during pricking of 
eggs for E.M. fixation. Although no yolk endoplasm flowed out of the 
egg, the yolk-free ooplasm was partly absent from the E.M. pictures, 
if prefixation without pricking was omitted. 
Different types of segment gap 
The partial larvae mentioned in Table 1 consist of many different 
types, which are separately presented in Table 3· These larvae were 
classified according to the different types of segment gap, as defined 
in Fig. 1. For descriptive reasons gaps have been classified into spa­
tial gaps and arithmetic gaps. A segment gap is defined as the absence 
of one or several segments between two apparently normal arrays of 
segments, which have developed from two fragments of the same egg 
(bipartite development). If the number of segments in anterior and 
posterior partial larvae from an egg adds up to nineteen, then the gap 
is spatial only (Fig. 1c). The spatial gap becomes an arithmetic gap 
as well if the total number of segments is less than nineteen (Fig. 1b). 
If the latter situation occurs in larvae consisting of a spatially 
united series of segments, the gap is defined as exclusively arithme­
tic, or non-spatial: "lip at the belly"-larvae (Fig. 1d). If the total 
number of segments is less than nineteen and results from addition of 
segments from anterior and posterior partial larvae from different 
eggs (alternative development), the gap is called "statistical" in 
contradistinction to the non-statistical "real" gaps observed in bi­
partite development. The reason for this distinction is the difference 
in segment numbers between alternative and bipartite development after 
temporary constriction (Van der Meer, 1978b). Only with permanent con­
striction is gap size in bipartite development statistically borne out 
by data from alternative development (Van der Meer and Miyamoto, 1978). 
Table 3 shows that the most frequent gaps are of the types S/S, 
those composed of S/- and -/S, and S~S (Fig. 4a). As with permanent 
complete constriction, bipartite development (S/S) occurs from stage 
Ш16-32 onwards (Van der Meer and Miyamoto, 1978), whereas "lip at the 
belly"-larvae occur from stage NM2 onwards. 
In addition a complex group of much less frequent gaps was found. 
First, there is the phenomenon of "multiple gaps": each of the two 
above types of gap was also observed to occur in two different posi­
tions within the same array of segments (Fig. 4b: S~S~S, s/s/s), or 
they were found combined in different positions within one array of 
segments (e.g. s/s~S). Secondly, the different types of gap were some­
times found in different combinations in anterior and posterior parti­
al larvae (Table 3: e.g. S/s/- and -/S~S respectively). These segment 
patterns consist of a main gap caused directly by the constriction and 
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one or two gecondary gaps, which are not structurally different from 
the main gap. The number of cases with secondary gaps found was not 
sufficient to study whether the position of these gaps has any rela-
tion to the constriction level. 
Finally segments were absent in positions which had no direct re-
lation to the constriction region. These were termed "remote constric-
tion effects" (Van der Meer, 197öa). Posterior or anterior segments 
can Ъе missing in anterior and posterior partial larvae respectively. 
When bipartite development occurs after equatorial temporary constric­
tion, the most anterior as well as the most posterior segments were 
found absent in the partial larvae (Table 3* e.g. -/S~s/-, -/s/s/-). 
Autonomous changes in longitudinal bands of the cuticular pattern 
The following brief description of a restricted number of larvae will 
show that deletions, additions and changes of cuticular markers may be 
confined to longitudinal bands located in the dorsal, ventral or late­
ral cuticle. 
Pig. 4c shows dorsal and ventral views of a "lip at the belly"-
larva in which the non-spatial segment gap is out of register between 
right and left hand side. A gap of five segments occurs between T2 and 
A5 on the left side, whereas four segments are missing between A2 and 
A? on the right side (see legend Pig. 4c). 
Pour larvae (0.1$) were found with bilateral deletions in longitu­
dinal bands. In one of them the thoracic legs were absent on both si­
des, whereas in two others a change or deletion in the lateral bristle 
row (LR) occurred. It now consisted of one small bristle also in seg­
ments A5 through A7, and Аб and A7 on both sides of the larva respec­
tively (Pig. 5gt h). The fourth larva showed absence of all eight ab­
dominal stigmata on both sides, the bordering marker rows (LR, DLR) 
being normal. 
In four other posterior partial larvae some cuticular markers spe­
cific for a particular segment were also found on more posterior seg­
ments. These so-called partial tandem transformations resulted from 
eggs constricted during early nuclear migration and deconstricted im­
mediately before or during stage SBy. Pig. 5 shows a tandem transfor­
mation involving the A1 spines and associated bristles (LR). The se­
cond spine shows a tendency to duplicate once more, as shown by the 
small spine, the two semilong bristles (LR2, LR3) in the pigmented 
field surrounding the spine, and (not shown in Pig. 5©) the three long 
bristles of the lateral row and the three stigmata, which are not de­
tached from each other. The second A1 spine is situated in segment A2, 
as indicated clearly by other cuticular markers. No tandem transforma­
tion has occurred on the contralateral half and the dorsal cuticular 
pattern is not differentiated. A comparable case also had the dorso­
lateral bristles of A2 replaced bilaterally by those of A1, while both 
A2 stigmata were accompanied by an A1 spine. Thus it is not even poss­
ible to say whether the stigma in A2 is not in fact an Al stigma. 
These observations suggest that deletions, additions and changes of 
cuticular markers axe predominantly, but not exclusively expressed in 
anteroposterior direction. In addition intrasegmental tandem duplica­
tion (Pig. 7h) as well as mirror image duplication (Pig. 7i) are also 
possible. The laterally protruding chitinous vesicle associated with 
the former may be the result of the lack of space to accommodate twice 
- the number of structures of an A1 segment within the space of one seg­
ment. 
T a b l e 3 S u r v e y o f t y p e s o f p a r t i a l l a r v a e formed a f t e r t e m p o r a r y , c o m p l e t e c o n s t r i c t i o n 
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Different types of non-spatial (S~S) 
segment gap. Segment patterns are 
formally represented by horizontal 
bars with s e r i a l numbers _ndicating 
the segments. Where appropriate, boun­
daries between cephalon, thorax and 
abdomen are shown by v e r t i c a l l i n e s . 
(a) Ventral aspect of " l i p at the 
be l ly '^ larva in which segment Ant (2) 
i s united with Al (9) · Absence of cu­
t i c u l a r i r r e g u l a r i t i e s in gap region 
shown in close-up ( a l ) , (b) Ventro­
l a t e r a l aspect of larva with two non-
s p a t i a l gaps (S~S~S) between Md (З) 
and T1 (6) and between T1 (6) and A2 
(10). Antenna, head capsule, labrum 
and mandíbula are indicated with bro-
ken l ines on other side of larva in 
(b2), but are largely out of focus in 
( b l ) . (c) Dorsal ( d ) and ventral (c2) 
aspect of larva with non-spatial gap 
differ ing in size and position be-
tween the lef t and right side of the 
larva. Abdominal segments were iden-
t i f i e d by means of the l a t e ra l b r i s -
t l e row (LR) which consists of one 
small b r i s t l e in A2 through A4, while 
an additional long b r i s t l e accompa-
nies the short one in A5 through A8 
(Van der Meer, 1978a: Fig. 2 and com-
pare t h i s study: Figs. 4b2, 6b2). 
Counting the segments s t a r t i ng with 
A11 as well as with TI shows a gap of 
five segments s i tuated between T2 (?) 
and A5 (13) on the lef t ventral side 
(on the lef t dorsal side perhaps be-
tween T1 (6) and A4 (12)), while four 
segments are missing between A2 (10) 
and A? (15) o n "the right s ide . 
For detai led description of cuticu-
l a r markers: see Van der Meer, 1978a. 
Abbreviations: A: abdominal segments 
indicated by se r i a l number, Ant: an-
tenna, Cs: cephalic shield, He: head 
capsule, Lb: labium, Lbr: labrum, 
LR: l a t e r a l b r i s t l e row, Md: mandí-
bula. Mil: maxilla, Sp: spine, St : 
stigma, T: thoracic segments indica-
ted by se r i a l number. 
Photographs: Leitz phase-contrast, 
yellow-green f i l t e r . 
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Fifí' ? 
Different types of pat tern atnormali t ies . а, Ъ: Absence of median 
head s t ructures and fusion of remaining l a t e r a l s t ructures with 
b i l a t e r a l symmetry. Operation during stages SBy/SBo at 56$ E.L. 
Md and Mx appear t o be fused, c : Close-up of poster ior p a r t i a l 
larva (lM2/SBy at 69^ E.L.) showing complete d isor ientat ion of 
ventral rows of microchaetae. Not shown are signs of faulty dor­
sal closure and eversion of parts of i t s surface. Extensive fu­
sion along with interrupt ion of large parts of intersegmental 
membranes may have resul ted in disor ientat ion of intrasegmental 
gradients (Locke, 1959» i960; Stumpf, 19б5а, b; Lawrence, 1966, 
197З)· d: Less extensive, u n i l a t e r a l fusion of three abdominal 
rows of microchaetae (SBy/SBm at 57$ E.L.) and (not shown) ab­
sence of more l a t e r a l markers, e : Dif ferent iat ion of Al cuticu­
l a r markers (Spi) in segment A2 (Sp2, Sp3, LR2, LR3), (Ш4-8/ 
Ш64-128 at 77%E.L.), f: Rudimentary A1 spine di f ferent iated 
in T1 (Ш2/Ш1б-32 at 6 2 $ E . L . ) . g, h : B i l a t e r a l deletion of 
the long b r i s t l e in the l a t e r a l b r i s t l e row on the lef t and 
right side of poster ior p a r t i a l larva (Ш2/ИМ16-32 at 61%E.L.). 
Arrows indicate de le t ions . 
Abbreviations: see Pig. 4» Mx.P: palpus maxi l la r i s , Pg: foregut. 
Photographs: Leitz phase-contrast, yellow-green f i l t e r . 
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Typical duplications of the longitu­
dinal (a, Ъ) and transverse (c) pat­
tern. Segment patterns axe formally 
represented by horizontal bars in 
which the segments are indicated by 
their serial numbers. 
a: Lateral view of bilateral double 
abdomen (B.D.A.). Note disturbed 
pattern of posteriormost segments 
in the supe mume гагу abdomen and 
absence of segments A10 and A11. 
b: Ventral view of unilateral (left) 
double abdomen (U.D.A.) with plane 
of symmetry (upper bar) in T3| which 
ends at the midline. Note that head 
structures of precisely one half are 
present. Even the labium (Lb), which 
appears in the larva as an unpaired 
bilateral symmetrical structure on 
the midline but develops from two 
bilaterally separated embryonic an­
lagen, is presented by one half. A 
rudimentary A1 spine (9) appears in 
A7 (15) of the supernumerary abdomen 
(compare Pig. 5f)· 
c: Ventral view of an anterior parti­
al larva in which segments T3 through 
Al (and possibly A2 which was not 
identifiable) are involved in a trans­
verse duplication. In the right abdo­
men the A1 spines appear to be fur^ 
ther apart than in the left abdomen, 
where ventromedian structures are 
lacking and the A1 stigmata are fused. 
Rows of ventral microchaetae are ab­
sent in most segments and head struc­
tures appear at abnormally large dis­
tances from the midline. Extra set of 
two legs (L), fused except for the 
tip, may represent the right and left 
companions of the normal left and 
right leg, respectively. The duplica­
tion is less clear in the dorsal 
transverse pattern. 
Abbreviations: see Fig. 4» Ch.v.: 
chitinous vesicle, L: thoracic leg 
(ТЗ)» Sm: plane of bilateral symme­
try, Sp/p: line of symmetry between 
original and supernumerary abdomen, 
vent.: vent red. 
Photographs: Leitz phase-contrast, 
yellow-green filter. 
78. 
Overall reversal of polar i ty in the longitudinal pattern 
A special class of posterior par t ia l larvae was found which showed bi­
l a t e r a l or u n i l a t e r a l reversal of polar i ty, as indicated by the spat i­
al order of segments and the direction of segment-specific markers. 
Bi la tera l double abdomens (B.D.Α., Pig. 6a) consist of an original ab­
domen and a supernumerary abdomen showing mirror image symmetry with 
respect to the original one. Cephalic and often also thoracic segments 
are absent. The plane of symmetry can be located m the thorax or the 
abdomen, but never in the cephalon. Unilateral double abdomens (U.D.A., 
Pig. 6b) consist of a double abdomen on one side only, whereas the 
contra latera l side shows the original cephalic, thoracic and abdominal 
segment pattern with normal polar i ty . There are thus two continuous 
cut icular areas which are l a te ra l ly contiguous but have opposite pola­
r i t y . The occurrence, for instance, of abdominal half-segnents situa­
ted next to thoracic segments suggests that the original thoracic seg­
ment halves have disappeared and have been replaced by or changed into 
abdominal ones. When the terminal segments of the supernumerary abdo­
men extend anter ior ly to the level of the cephalic segments, the two 
cut icular areas are discontinuous m that region (Fig. 6b l ) . Sometimes 
polari ty reversal is r e s t r i c t e d to less than a whole right or left 
side of a larva, i . e . to longitudinal bands of the cut ic le (Van der 
Meer, 1978c, d ) . A detai led quantitative and qual i tat ive analysis of 
B.D.A.'s and U.D.A.'s will be published separately. 
Duplication of the transverse pattern 
Very few (O.3/0) duplications of the transverse pattern occurred in an­
t e r i o r p a r t i a l larvae. In the eight cases in question the duplication 
always involved one or two abdominal border segments (segments border­
ing the constr ict ion region), except for one case in which segment T3 
was involved (Fig. 6c) . Two more anter ior par t ía i s superficial ly look-
ed as if t he i r border segments were duplicated in the transverse axis, 
but although lef t and right sides of the abdominal border segments 
were separated by a wedge-shaped opening no supernumerary spines or 
stigmata were observed. The f i r s t eight cases could a l l be unambigu-
ously scored as true transverse duplications by the oresence of more 
cut icular markers than the normal number (mainly Al spines and stigma-
ta) and by t he i r b i l a t e ra l organization. They developed from eggs 
which had been constricted between stages NM2 and Щ16-32, with remo­
val between stages NM16-32 and SBy. In a l l these cases the duplicated 
stigmata or spines were located close to each other because of the ab­
sence of the s tructures normally found in between (Fig. 6c). In some 
cases l a t e r a l and dorsal b r i s t l e s also appeared to be duplicated. 
Intrasegmental gradients 
Two cases were found in which the intersegmental membranes were appa­
rently interrupted over a res t r ic ted region. This resulted in local 
polar i ty reversal, which may be interpreted according to the "sand-
model" for intrasegmental gradients (Lawrence, 1966). Fig. 7e shows 
the presence of a small number of microchaetae with reversed polarity 
in the region between two segments. In the second case a discontinuity 
i s assumed to exist m the intersegmental membranes between segments 
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ТЗ and Al (Fig. 7f) · This i s associated with the absence of ventro­
medial s t ructures , resu l t ing in the ventromedian approximation of the 
T3 legs . Fig. 7f shows that segment A1 i s considerably enlarged in the 
anteroposterior dimension, t o the extent that i t suggests a mirror 
image duplication within the segment as found in double abdomens. How­
ever, a l l other l a t e r a l and dorsal A1 markers (not shown in the photo­
graph) showed that a duplication of t h i s type i s not involved. I t i s 
therefore most l ikely that a discontinuity in the intersegmental mem­
branes gave r i se both t o the polar i ty reversal and to an extensive 
local mult ipl icat ion of ventral A1 microchaetae. Sometimes the orien­
t a t i o n of the ventral microchaetae was chaotic (Fig. 5°) · 
More localized changes in the or ientat ion of cut icular markers were 
observed in the border segment of a number of poster ior p a r t i a l larvae 
and in the gap region of some " l i p at the bel ly"-larvae. In Fig. 71 
the right ventral half of A5 shows reversed polar i ty with respect t o 
the normal polar i ty indicated by the direct ion of microchaetae of i t s 
preceding (A4) and accompanying le f t segment (A?). Fig. 7j shows a 
" l i p at the bel ly '^ larva consisting of a p a r t i a l head capsule which is 
s p a t i a l l y continuous with the f i r s t abdominal segment. The l a t t e r 
shows a u n i l a t e r a l mirror image duplication. Local polar i ty reversal 
was also often observed in association with a labrum that was s p a t i a l ­
ly continuous with a thoracic or abdominal segment. Cuticular markers 
were observed to point e i ther away or toward the labrum. 
Other pattern abnormalities 
Ventralized, dorsalized and la te ra l i zed segments. - Among the r e s u l t s 
of permanent constr ict ions (Van der Meer, 1978a) i t was frequently 
(41$) found that only the ventral half was formed in a segment border­
ing the constr ict ion region. This was explained by a faulty dorsal 
closure as a resul t of the lack of space in the constr icted egg region. 
Such ventral ized segments were found in ^&fo of analysable larvae af ter 
temporary const r ic t ion. They were most frequently observed a f ter very 
brief (5 minutes) constr ict ion in syncytial and ce l lu la r blastoderm 
stages and within about the same constr ict ion interval as in permanent 
constr ict ions (4O-8O9S E . L . ) . Few ventral ized segments were also found 
in regions several normal segments away from the constr ic t ion region 
(mainly posteriormost segments: compare "remote constr ict ion ef fects" ; 
Van der Meer, 1978a). 
Sometimes (0.2$) holes on the dorsal larval cuticle were observed 
in different pos i t ions . Fig. 7d shows a typical example of a cut icular 
hole with a fringed border, through which tracheae are protruding. The 
dorsal cut icular pattern in the v ic in i ty of these holes remained un­
disturbed. 
Segments represented by the dorsal half only were found in 2>% of 
the analysable larvae. Frequently the loss of ventral parts s t a r t e d 
with the most ventromedian s tructures followed successively by more 
ventro la tera l ly s i tuated segment markers as the segment was s i tuated 
closer t o the constr ict ion region (Fig. 7f) compare Haget, 1953s Fig· 
39)· Sometimes a perfect l ine of b i l a t e r a l symmetry between ventra l ly 
fused l a t e r a l parts was observed, as in the ventral ized segments (Fig. 
5a, b and Van der Meer, 1978a). Unilateral absence of segments was 
found in about 4$ of analysable larvae. 
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Fig. 7 
Different types of pattern abiormali t ies . а, Ъ: Local mult ipl icat ion 
of pattern elements in the t i p of a thoracic leg (a : t r i p l i c a t i o n ) 
and in the A1 spines with stigmata ( h ) . с, i : Intrasegmental dupl i­
cation with mirror image symmetry ( indicated by broken l ines between 
left marginate teeth of cephalic shield (c) and stigmata and dorsal 
b r i s t l e s in an abdominal segment ( i ) ) and intrasegmental duplication 
in tandem (h: two A1 spines with protruding chitinous v e s i c l e ) , d: 
Cuticular hole in the dorsal midline with protruding tracheae. I n t r a ­
segmental gradients shown in e : small group of ventral microchaetae 
with reversed polar i ty (arrows) in the smooth zone between two rows 
of microchaetae, and f : local mult ip l icat ion and polar i ty reversal 
of ventral microchaetae of border segment A5· The l a t t e r p a r t i a l 
larva also showed i r regu lar u n i l a t e r a l absence of thoracic and abdo­
minal segments, which made i t impossible t o identify a l l segments. 
g: Harmonious enlargement of legs in T1 and T2 as compared with T3· 
j : "Lip at the bel ly"-larva showing p a r t i a l head capsule (He) physi­
cal ly continuous with segment Al. Uni la tera l ly A1 shows a mirror im­
age duplication (see ventral microchaetae) at the border of He. k: 
Ventral view of poster ior p a r t i a l larva (llM2/SBy: 62$ E.L.) in which 
segments T1 through A9 are present on one side only. I : Local rever­
sal in or ientat ion of ventral microchaetae in border segment A5· 
Further d e t a i l s : see t e x t . 
Abbreviations: see Fig. 4$ v : chitinous v e s i c l e . 
Photographs: Leitz phase-contrast, yellow-green f i l t e r . 
82. 
Changes in the scale of pattern formation and local mult ip l icat ion of 
pattern elements. - Harmonious changes in the scale of patterns formed 
were sometimes observed. Fig. 7g shows the harmonious' enlargement of 
two of the three thoracic legs . This kind of enlargement was also ob­
served in the antennae. Harmonious reduction of these extremities has 
also been found. In cases of faulty dorsal closure the ventral row of 
microchaetae i s often di f ferent iated on a larger cut icular area exten­
ding to the dorsal side (Van der Meer, 1978a: Pig. 3a) . In such cases 
i t was seen that microchaetae and small b r i s t l e s were more widely-
spaced. The increase in spacing of cut icular markers such as b r i s t l e s 
seems t o be bound t o an upper l i m i t . When t h i s l imit i s surpassed, 
often an extra set of cut icular markers i s formed halfway in between 
the original ones. 
With faulty dorsal closure the dorsal b r i s t l e s l e f t influence each 
o ther ' s d i f fe rent ia t ion, as i s the case in Rhodnius (Wigglesworth, 
1953) and Drosophila (Claxton, 1976). The following succession of 
events can be reconstructed from such cases. Apparently a wedge of 
dorsal embryonic t i s s u e was missing near the constr ic t ion region. The 
margins of t h i s wedge have fused in such a way that more dorsal s t ruc­
tures are missing symmetrically on both sides sis the distance to the 
constr ict ion region decreases (see e.g. Van der Meer, 1978a: Pigs. 3b, 
4c) . The general behavior of the dorsal b r i s t l e s apparently i s such, 
that they f i r s t approach each other without any effect on t h e i r dif­
f e r e n t i a t i o n . Below a c r i t i c a l distance the b r i s t l e s clump together 
i r regular ly and show local mult ip l icat ion (see below) as well as 
changes in length. Final ly, with s t i l l smaller distances the most me­
dia l ly s i tuated markers vanish f i r s t , followed by more l a t e r a l l y s i t u ­
ated markers as the distance t o the constr ic t ion region decreases. The 
remaining markers now show a b i l a t e r a l l y symmetrical arrangement. 
Local mult ip l icat ion of pattern elements (ШИЗ) i s defined as the 
mult ip l icat ion of s ingle cut icular markers without symmetrical mutual 
arrangement (Fig. 7a, b ) . ШРЕ i s observed not only in larvae showing 
duplication of the longitudinal or transverse pa t te rn, but also in 
non-duplicated a n t e r i o r and poster ior p a r t i a l larvae. Sometimes three 
mandibles or up t o s ix A1 spines were found on a common base. In cases 
of i r regular dorsal closure the dorsal abdominal b r i s t l e s are often 
involved. This suggests that a change in the s p a t i a l dimensions of the 
embryonic t i s s u e i s involved. The local mult ip l icat ion of ventral cu­
t i c u l a r markers in cases of missing dorsal s t ructures supports t h i s 
suggestion: frequently the space available for the ventra l pattern i s 
increased as a resul t of faulty dorsal closure and the absence of dor­
sal segment p a r t s . ШРЕ occurred in 1% of analysable larvae. 
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DISCUSSION 
A formal description of polarrty reversal 
We assume that blastoderm cells are instructed to form specific seg^ 
ments by the successive concentration intervals of a morphogen gra­
dient with a posterior maximum. 
The observation of polarity reversal affecting entire series of 
segments provides conclusive evidence against the idea of a mosaic of 
prelocalized segment determinants and supports the explanation of dif­
ferent types of segment gaps in terms of an overall control mechanism. 
Such a mechanism is also likely in other coleopteran eggs, because ex­
perimental induction of polarity reversal is possible in Bruchidius 
(Jung and Krause, 196?; Van der Meer, unpublished) and Leptinotarsa 
(Schnetter, 1965» Van der Meer, unpublished). 
Thus far the data from Callosobruchus (Van der Meer and Miyamoto, 
1979) did not allow to decide between models with overall control of 
segment pattern formation by one or two signals. It is clear that a 
two-signal system, in which the local ratio of anterior to posterior 
signal amounts specifies position, does not differ formally from a 
one-signal system. The final spatial distribution of A/P ratios itself 
represents a signal gradient. As pointed out already by Herth and San­
der (197З) for Protophormia, the gap phenomenon can equally well be 
explained formally by a one-signal gradient where the signals would be 
produced in one egg pole and degraded in the other. A transverse bai4-
rier to passive or active signal transport, such as a constriction or 
a cytoplasmic or cellular zone, would result in the accumulation of 
signals on the production side and their depletion on the degradation 
side. Consequently a number of scalar signal values (instructions) 
would disappear on either side of the constriction. The gap phenomenon 
can be explained in terms of the time left for signal redistribution 
until cellular commitment (Van der Meer and Miyamoto, 1978). 
A reversal of polarity (segment order) as encountered in B.D.A. 's 
and U.D.A.'s is difficult to explain with two signals. First, no rea­
sonably simple, biochemical or formal mechanism can be imagined by 
which a symmetrical reversion of A/P ratios can be induced. Secondly, 
if reversal of A/P ratios would at all be possible biochemically, then 
polarity reversal would have been expected in Callosobruchus also af­
ter posterior temporary constriction. In other words, double cephalons 
should have been found. These have not been observed in Callosobruchus, 
but they were produced in eggs of Smittia and Chironomus by centrifu-
gation (Yajima, I960} Gauss and Sander, I966; Overton and Raab, 1967» 
Kalthoff et al., 1977)» and in Drosophila by a mutation (Lchs-Schardin 
and Sander, 1976). Their absence in Callosobruchus therefore might 
have secondary reasons and does not argue against a two-signal hypo­
thesis. In spite of these results I prefer for theoretical reasons to 
postulate that pattern specification in insects is controlled by one 
signal. It might be simpler to accommodate double cephalons into a 
one-signal model - e.g. one of the lateral inhibition type (Meinhardt, 
1977), assuming one activation peak in the equatorial egg region -
than in a two-signal model. 
Double abdomens would develop if a symmetrical final signal distri­
bution is experimentally induced in the egg. If the signal gradient 
would have a posterior maxi mum, a symmetrical equilibrium distribution 
is only obtained by an anterior increase in scalar values of the sig-
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nal. However, it is more likely that experimental intervention would 
result in signal decrease, although the possibility cannot be excluded 
that constriction might trigger the release and activation of a previ­
ously stored and inactive signal. This problem is solved in the later­
al inhibition model (Gierer and Meinhardt, 1972, 1974; Meinhardt and 
Gierer, 1974i Meinhardt, 1977) by the assumption of two substances, an 
activator (A) with a posterior maximum and an inhibitor (l). The local 
scalar value (range) of I provides a signal to a specific set of blas­
toderm cells to become committed to a specific pathway of differentia­
tion. The slower-diffusing activator catalyzes its own production and 
that of the faster-diffusing inhibitor, whereas I inhibits activator 
production. A local increase in activator above inhibitor level would 
result in the "firing" of an activator peak. The long- and short-range 
diffusion of inhibitor and activator would result in the suppression 
of a second activation peak in the immediate vicinity of the primary 
peak (i.e. in the anterior egg region). Thus a stable distribution 
would be reached when there is equilibrium between production and loss 
by diffusion and breakdown of both activator and inhibitor. Activator 
distribution would be in the form of a sharp peak restricted to the 
posterior egg pole, whereas inhibitor would show a less steep but more 
extended final distribution (Meinhardt, 1977* Pig« 5)· 
Double abdomens would develop when we assume that temporary con­
striction somehow results in a lowering of the inhibitor concentration 
below an activator-dependent threshold level, resulting in the firing 
of a second activator peak in the anterior region of a posterior part­
ial egg fragment, and thus in a symmetrical inhibitor (signal) distri­
bution. Obviously a secondary activation is most easily achieved with 
the low anterior inhibitor level, which would explain why polarity re­
versal is only observed after anterior constriction (Meinhardt, 1977! 
Fig. 5). 
Egg sensitivity 
The much higher sensitivity of Gallosobruchus eggs to temporary than 
to permanent constriction suggests that mechanical damage to the 
structure of the egg (oolemma, endo- or periplasm) or functional im­
pairment (pattern specification, division and migration of nuclei, 
blastoderm formation, morphogenetic movements) is involved. The two-
step procedure of constriction and deconstrietion results in a higher 
death rate, except during stages Ш2/КМ2. This may partly be due to 
the preferential location of the constrictions at anterior levels, 
where the egg reaches its largest circumference. A reduced death rate 
with longer-lasting constrictions, as found in Drosophila by Vogel 
(1977a, compare Table 1), was not observed. On the basis of this high 
sensitivity it might be argued that mechanical damage to putative pre-
localized segment determinants is to a certain extent also involved 
in the production of segment gaps. Arguments against this possibility 
have been discussed elsewhere (Herth and Sander, 1973; Sander, 1975a.i 
1976; Schubiger et al., 1977; Van der Meer and Miyamoto, 1978). More­
over, in Callosobruchus a considerable yield of normal larvae was ob­
tained after temporary constriction as late as during stages SBo/SBo 
(Table 2). This clearly shows that damage to prelocalized segment 
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determinants i s not necessar i ly involved in the development of a seg­
ment gap, because constr ict ion certa inly would have removed a number 
of determinant containing c e l l s so as to cause a segment gap. 
The low yield of normal larvae af ter constr ict ion during stages 
Ш4-8/Ш4-8 i s not expected when compared t o the other brief cons t r ic­
t ions (Table 2) . The percentage of analysable larvae in t h i s stage 
(Table 1) i s not lower, so that an increased sens i t i v i ty t o mechanical 
damage cannot be the explanation. 
Staging accuracy 
In theory i t i s possible that normal larvae would result from separate 
anter ior and posterior blastoderms containing two specified complemen­
tary se t s of segments, which l a t e r on re-fuse. However, only p a r t i a l 
larvae developed from double blastoderms. Normal larvae r e s u l t i n g from 
constr ict ion at stages СВ/СВ can be a t t r i b u t e d t o the fact that no 
more than 30$ of the eggs are in stage CB and 60-70$ are s t i l l in 
stage SBo with the incubation time used. Another di f f iculty with s t a ­
ging accuracy i s that tangent ia l ce l l membranes (cr i te r ion for stage 
CB) do no appear simultaneously in a l l egg regions, so that these eggs 
are p a r t i a l l y in stage SBo and p a r t i a l l y in stage CB (Van der Meer, 
unpublished). 
Fusion frequency 
The observation of more than 95$ normal germ-bands af ter a brief tem­
porary constr ict ion at stage SBy/SBy or even l a t e r in Euscelis (Arm-
bruster and Sander, unpublished: c i ted in Sander, 1975a) seems t o be 
at variance with the considerably lower yie lds (50-60$) obtained with 
comparable constr ict ions in Callosobruchus. Similar high y ie lds were 
obtained in Smittia (Sander, 1975a)· The difference resu l t s from the 
fact that in Callosobruchus fusion i s a very laborious process that 
takes much time, possibly because the chorion i s rather inf lexible and 
does not return to i t s previous shape immediately upon deconstr iet ion. 
This would possibly retard the fusion process in a number of cases 
t i l l short ly before blastoderm formation. Then, e i ther a transverse 
zone (see below) may block the res torat ion of a normal signal d i s t r i ­
bution or, af ter true re-fusion, the time available for re s tora t ion 
may be too short . The l a t t e r s i tuat ion would resul t in a discont inuity 
in the f inal graded signal d i s t r ibut ion and a corresponding non-spat i­
al segment gap. This i n t e r p r e t a t i o n i s supported by observations in 
Euscelis and Smittia (Sander, personal communication). Here temporary 
constr ict ion for extended periods of time also resulted in physically 
united "gap germ-bands" comparable t o the " l i p at the belly "-larvae, 
the y ie ld in Euscelis corresponding roughly t o the yield in Calloso­
bruchus (Fig. 3b). 
The developmental origin of " l i p at the belly"-larvae 
I feel that the observation of multiple gaps j u s t i f i e s a reconsidera­
t ion of the problem of damage to putative prelocalized segment deter­
minants. Because the non-spatial multiple gaps may develop in the same 
way as the non-spatial gaps in " l i p at the bel ly '^ larvae, we wi l l 
f i r s t discuss scene aspects of the l a t t e r . 
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It has been shown that "lip at the bellies" do not develop from 
eggs with a double blastoderm at the constriction site. Moreover, the 
absence of cuticular irregularities in the bristle pattern of the bor­
dering segments indicates that the two segments did not meet and fuse 
secondarily after the fomation of two separate partial blastodenns. 
It should be noted, however, that relatively smooth wound healing can­
not be excluded (cf. Pig. 7k). 
Apparently the transverse zone containing cytoplasm without nuclei 
or having a syncytial or cellular nature resulting exclusively in "lip 
at the bellies" can block the transport of instructing signals necess­
ary to restore the original equilibrium distribution and a correspond­
ing normal segment pattern. Because such a zone can be very narrow and 
invisible during observation with the dissection microscope, "lip at 
the bellies" can also occur in egg batches scored as "re-fused" early 
or immediately before blastoderm formation. This also explains the oc­
currence of anterior or posterior partial larvae in early-constricted 
and "re-fused" eggs. Because "lip at the bellies" occur from stage 
Ш2/НМ2 through stage СВ/СВ (Table 2), it is concluded that the trans­
verse zone can block signal transport independent of whether it con­
tains nuclei or cellular subdivisions. This might result in a segment 
gap because instructions disappear on either side of the zone by de­
pletion and accumulation of signals, in analogy with the interpreta­
tion presented for permanent constrictions (Van der Meer and Miyamoto, 
1978). The gap is non-spatial because a blastoderm is formed all 
around the egg and is continuous over the region of the transverse 
zone. 
At this point the question arises how the transverse zone can block 
signal transport, because it is currently an open question whether 
signal transport takes place in the periplasm or the yolk endoplasm, 
or both (Sander, 1976). A second problem is how a cellularized zone 
can block the signals, because it is not self-evident that cell mem­
branes would be impermeable to the signals (see Sheridan, 1976; 
McMahon and West, 1976; Van der Meer, 1978c, e). Both problems might 
be solved by assuming that signal transport in normal development is 
entirely restricted to the yolk endoplasm. Separation of only the yolk 
endoplasm by a cytoplasmic or cellular zone would then result in the 
absence of some segments. 
Unfortunately this assumption is questionable in the light of cur­
rent controversial evidence with respect to the roles of oolemma, pe­
riplasm and yolk endoplasm in pattern specification. U.V. irradiation 
experiments in Smittia (Kalthoff, 1971) together with combined irradi­
ation and centrifugation (Kalthoff et al., 1977) strongly suggest a 
cooperative action of the anterior oolemma with some ribonucleoprotein 
constituents in the periplasm. On the other hand, displacement of pos­
terior pole material leading to polarity reversal in Euscelis (Sander, 
i960, 1961, 1962) shows that the yolk endoplasm is able to act as a 
transport medium for instructing signals under experimental conditions. 
The development of many normal segment patterns after removal of up to 
40^ of the yolk endoplasm in Leptinotarsa (Schnetter, I965) does not 
invalidate a possible role of the yolk endoplasm, because the remain­
ing amount may have been sufficient as a transport medium for instruc­
ting signals. Neither do the segmental defects observed after occasio­
nal removal of periplasm provide arguments in favour of the role of 
periplasm, because absence of blastoderm foimation would also result 
in these minor defects. 
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Extensive ooplasmic streaming would render a stable equilibrium 
di s t r ibut ion of signals very unlikely, although on the other hand such 
an early disturbance might disappear as quickly as one caused by brief 
temporary constr ict ion, so that a normal pat tern would ensue. In most 
cases extensive streaming phenomena are confined t o nuclear migration 
stages when the final signal d i s t r ibut ion i s assumed already t o be 
present (Van der Meer and Miyamoto, 1978). In Pimpla i t has been shown 
that a poster ior gap i s fonned only af ter complete l iga t ion, whereas 
normal larvae resulted from incomplete l i g a t i o n . With both types of 
l igat ion the so-called fountain-streaming i s only temporarily retarded 
in poster ior fragments (Jung et a l . , 1977)· This shows that the gap 
does not resul t from interference of the l iga t ion with ooplasmic 
streaming. I f the def ini t ive signal d i s t r ibut ion would be r e s t r i c t e d 
t o a sutmembraneous part of the periplasm which cannot be removed by 
centrifugation at 4300 g for 10 minutes (Kalthoff et a l . , 1977), oo­
plasmic streaming would not be a complicating factor . I f signal d i s ­
t r i b u t i o n would be r e s t r i c t e d to the periplasmic and blastodermal zone, 
then the segment gap observed in " l i p at the b e l l i e s " might be the r e ­
sult of an erroneous signal transport along the transverse zone. The 
zone might function as a signal conductor, drawing off an amount of 
signal sufficient to resul t in the absence of some intermediate in­
s t r u c t i o n s . 
"Lip at the b e l l i e s " are mainly formed with intermediate time in­
tervals between the stage of removal and stage CB (Fig. 3b). Taking 
into account that they develop fremi eggs divided by a transverse zone, 
one might explain t h e i r decrease with progressively l a t e r removal by 
assuming that ce l lu lar iza t ion on e i ther side of the constr ict ion 
before deconstrietion may hamper incomplete fusion and thus prevents 
the formation of a transverse zone. The neai^absence of " l i p at the 
b e l l i e s " in early temporary constr ict ions r e s u l t s from the predominan­
ce both of complete fusions leading to normal larvae and of p a r t i a l 
larvae. 
The developmental origin of multiple segnent gaps 
We assume that several very small ooplasmic c le f t s in one egg resul t 
in the development of multiple segment gaps. Such clefts have been ob­
served in eggs class i f ied as re-fused (unpublished E.M. observations) 
and in poster ior egg fragments (in vivo observation: Fig. 2h). P a r t i ­
cularly a f ter anter ior constr ic t ion, the rearrangement of ooplasm r e ­
presented in Fig. 2Ъ
Т
 c, d, e, would suggest that in the absence of 
fusion "s t retching" of the most anter ior ooplasm takes place, because 
i t tends t o flow back in the anter ior i s o l a t e . A systematic h i s t o l o g i ­
cal study was not undertaken, but in 5 of 102 eggs re la t ive ly large 
c lef ts were observed in vivo in the ooplasm bordering the constr ict ion 
region (Fig. 2h). Four of them died, but one developed into a b i l a t e r ­
al double abdomen. One can imagine that much smaller c le f t s exist 
which remain invis ib le under the dissection microscope and which do 
not impair egg survival. As with " l i p at the b e l l i e s " , such c lef ts may 
e i t h e r become f i l l ed with cytoplasm or they may fuse some time before 
blastoderm formation. In the absence of complete fusion a transverse 
zone of cytoplasm would resul t in a secondary non-spatial gap. How­
ever, complete fusion short ly before ee l lu ia r iza t ion of the blastoderm 
cannot be excluded as another origin of non-spatial gaps. The time 
avai lable between fusion and ce l lu lar commitment would then be too 
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short to restore the normal signal distribution. Secondary spatial and 
arithmetic gaps would be expected from larger clefts which prevent the 
formation of a blastoderm continuous over the cleft. Ïhe position of 
secondary segment gaps would depend on the distance from the constric-
tion at which stretching results in the formation of ooplasmic clefts. 
An interpretation of multiple gaps within terms of a graded overall 
control mechanism (e.g. Herth and Sander, 1973; Meinhardt, 197?) as-
sumes as many discontinuities in the gradient as there are gaps of 
e.g. the S~S~S type. Alternatively these might originate from mechani-
cal damage to putative prelocalized segment determinants. However, the 
number of larvae with multiple gaps is too low (Table 3) to infer from 
it a contradiction with models of the graded overall type of control 
of segment specification in insects. Vogel (1977a, b) observed sup-
pression of denticle belts adjacent to, or two segments away from the 
constriction site in partial Drosophila larvae obtained by complete 
constriction. Whatever the cause of this suppression, it is obvious 
from his Pig. 3 (Vogel, 1977b) that the segment as such is present, 
so that the situation is not comparable with the non-spatial gaps in 
Gal1osobruchus. Moreover, the suppression of only the denticle belts, 
leaving the segment as a whole intact, does not argue against pattern 
formation controlled by an overall gradient or by segment-restricted 
gradients (Vogel, 1977a, b). Such suppression of pattern differentia-
tion, which also occurs in Callosobruchus, should be clearly distin-
guished from suppression of pattern specification. If the ooplasmic 
clefts assumed in Callosobruchus eggs constricted incompletely but 
permanently (see Van der Meer, 1978a) would also occur in Drosophila, 
the occurrence of "lip at the belly,,-larvae in the latter (Vogel, 
1977a) would not invalidate the concept of overall control of segment 
specification either. 
When the considerations in the previous sections are taken into ac-
count, I feel that it has been shown that temporary (and probably also 
permanent) constriction certainly can result in general damage to the 
structure of the egg with obvious consequences for pattern specifica-
tion. However, this kind of damage only indirectly influences pattern 
formation by way of altering the structural prerequisites for the nor-
mal patterning process. If these prerequisites (i.e. physical ooplas-
mic continuity) are restored by fusion, then even after very late tem-
porary constriction a normal metamerie pattern will develop irrespect-
ive of any mechanical changes as might persist after separation fol-
lowed by complete re-fusion. Therefore, the experiments also show that 
direct damage to putative prelocalized segment determinants is an un-
likely explanation for the gap phenomenon. This conclusion is support-
ed by light and electron microscopic observations, which do not reveal 
injury to blastoderm cells formed on either side of the constriction 
(Van der Meer, 1978e). Absence of blastoderm formation or necrotic nu-
clei have sometimes been observed on either side of the constriction 
(Van der Meer, unpublished), but it is believed that these partial 
blastoderms do not survive until hatching. The abrupt decrease in gap 
size with permanent constriction during blastoderm formation (Van der 
Meer and Miyamoto, 1978) might be explained by a decrease in the egg's 
sensitivity to constriction damage. Initially this seemed reasonable, 
because the structure of the egg becomes much more rigid by that stage. 
However, the high yield of normal larvae after a brief and early tem-
porary constriction (Table 3) shows that the segment gap obtained by 
early permanent constriction does not result from the egg's sensiti-
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vity to constriction damage. Alléaume (1971) also obtained 14 normally 
segmented larvae after temporary constriction of Calliphora eggs be-
tween the arrival of nuclei in the periplasm and the syncytial blasto-
derm stage. 
Specification of the longitudinal cuticular pattern can be restricted 
to longitudinal bands of the blastoderm 
It might be asked whether the absence of longitudinal rows of cuticu-
lar pattern elements has anything to do with pattern specification. 
Secondary processes affecting blastoderm formation or later stages of 
differentiation might also result in the absence of cuticular markers 
as found in Drosophila (Vogel, 1977b) and in Callosobruchus. It is 
therefore risky to base any conclusion with respect to pattern speci-
fication solely on the absence of structures. On the other hand some 
cases of true changes and additιons of cuticular markers are at hand. 
A uni- or bilateral shift of a segment gap m conjunction with an un­
equal gap size on both sides (Pig. 4c) suggests that gap position and 
size are expressions of processes controlled more or less independent­
ly in the two lateral halves. Even if gap shift and gap size differen­
ce would be the result of normal biological variation, this suggests 
that segment specification occurs preferentially m longitudinal (left 
and right) bands of the blastoderm. In addition changes and additions 
of cuticular markers are sometimes consistent through longitudinal 
bands covering several segments, and can be bilaterally in register. 
Finally, a preliminary analysis of about 200 double abdomens has shown 
that B.D.A.'s constitute about half of all polarity reversals, whereas 
U.D.A.'s showing polarity reversal in precisely one half occur m 
about one third of the cases. Polarity reversal m a longitudinal band 
narrower than one half was found m about one fifth of all double ab­
domens: these bands can occupy a very small part of the larval circum­
ference. Thus, in one half of all double abdomens polarity reversal 
was transversely restricted. These observations suggest that the 
transport of instructions to form particular segments or individual 
segment markers occurs preferentially m a longitudinal direction and 
may be partially inhibited in the transverse direction. 
The overall gradient might polarize the mtrasegmental gradients, 
suggested to exist in the Callosobruchus larva by Fig. 5e» f· Although 
the number and size of the ventral microchaetae do not provide such 
detailed information on polarity changes as in Oncopeltus (Lawrence, 
1966: plate IA), our pictures strongly suggest that the principle of 
mtrasegmental gradients also holds in Callosobruchus. Apparently a 
change in a longitudinally restricted set of instructions, coded e.g. 
m the scalar values of an overall concentration gradient, becomes 
"inherited" by a longitudinal band of blastoderm cells.. These cells m 
tum form a longitudinal band of transformed cuticular markers running 
through a spatially continuous series of segments. 
Recent progress in the field of pattern formation m imaginai discs 
of Drosophila has resulted in the concept of compartmentallzation. It 
has been suggested that this concept might be usefully applied to in­
sect met amen zat ion as well (Sander, 1975^ 5 Lawrence and Morata, 1976). 
In terms of compartmentallzat ion, anterior transformation of posterior 
cuticular markers and unilateral polarity reversal would mean that 
different compartment genes can be switched on in adjacent areas of 
one and the same segment. In other words, an embryonic segment is 
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apparently not the equivalent of a single compartment, and may consist 
of a left and right compartment or of even smaller compartments. 
Details of how longitudinally restricted pattern changes can be 
fomally explained in terms of a graded overall control mechanism will 
be presented elsewhere (Van der Meer, 1978c). 
Specification of the transverse pattern 
The anterior partial larvae in which the border segments were split 
longitudinally without signs of bilateral duplication might indicate 
the state of specification of the blastoderm at the moment of cellular 
commitment. Duplication might be initiated by the formation of awedge-
shaped indentation in the posterior margin of an anterior egg fragment. 
Such an indentation frequently occurs as a consequence of ooplasmic 
displacement during constriction, but only occasionally does it remain 
stable elfter deconstriction when the ooplasm does not flow back. In 
such cases the blastoderm also shows a wedge-shaped indentation. This 
situation is partially comparable with the transverse duplication of 
posterior segments (Krause, 1958a, b) resulting from posterior bisect-
ion of the germ anläge in Tachycines, except that there are no wound 
margins. 
The suggestion of a lateromedial succession in transverse duplica-
tion from the fact that new markers appear first in lateral positions 
(see p. 78), is subject to the following objection. In two cases, one 
of which is shown in Pig. 6c, only the ventromedian but not the dorso-
median markers were missing. A similar observation was made by Haget 
(195З) after transverse cutting of Leptinotarsa eggs. The absence of 
the ventromedian structures might essentially have the ваше origin as 
that of dorsomedian segment parts, viz. faulty dorsal closure (Van der 
Meer, 1978a). In each of the two separated ventrolateral parts of the 
blastoderm the total area available for the specification of a com­
plete ventral pattern is considerably reduced. Analogous to the intei>-
pretation of the bilateral symmetry of dorsal defects, that of ventral 
defects might be explained either (a) by a stepwise commitment procee­
ding in lateroventral direction, or (b) by postulating classical em­
bryonic field characteristics in the ventral body wall (Van der Meer, 
1978a). Our data suggest lateroventral progression of commitment in 
terms of both explanations. The absence of medial structures and the 
bilateral symmetry of the two remaining lateral parts can be explained 
by the regulative capacities being lost stepwise in lateromedial suc­
cession. Together with the earlier data from faulty dorsal closure 
(Van der Meer, 1978a) this suggests that commitment of the transverse 
pattern proceeds in lateroventral as well as laterodorsal direction, 
which is quite contraiy to the ventrolateral progression suggested by 
Krause (1953, 1962) and Krause and Krause (1957) for Tachycineв and 
supported by Sander (1976) with further examples. However, the rele­
vance of the Gal1osobruchus results is difficult to assess at present 
because of the small number of transverse duplications. 
Other pattern ataiormalities 
Intrablastodermal induction. - The development of bilaterally symme­
trical patterns after oblique cutting (Haget, 1953) or constriction 
(Sander, 1976) prior to commitment of the transverse pattern in Lep-
tinotarsa was attributed either to intrablastodermal induction after 
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wound healing between biastodermal sheets from different anteroposter-
ior levels (Haget, 1953)f or to bilateral regulation in a subnormal 
amount of blastema (Sander, 1976). 
Results from temporary constriction of Cal1osobruchus eggs also 
provide evidence against intrabíastodermal induction. One posterior 
partial larva was found with T1 as a border segment and with segments 
T1 through A9 present on one side only. Pig. 7k shows that the left 
half of T2 is situated next to the left halves of A5-7. The smooth cu-
ticle in between suggests wound healing during blastoderm stages, but 
the precise ontogeny of this larva is not known. We assume that the 
right half of the blastoderm has been functionally incapacitated for 
some unknown reason. It is known that damage inflicted upon the egg, 
e.g. during removal from the substrate, can result in medially split 
ventral plates which develop independently into two extended caudal 
plates (Miyamoto, personal communication). It is not known whether 
the blastodermal margins from different anteroposterior levels of one 
lateral blastoderm have fused before commitment of the transverse pat-
tern. Anyhow, no sign of induction of thoracic structures in the abdo-
minal region is observed. 
U.D.A.'s are also relevant to the question of intrablastodermal in-
duction, although they do not develop from blastoderms composed of two 
parts originating from different anteroposterior levels in the egg 
(Haget, 1953; Sander, 1976). Because U.D.A.'s develop in a posterior 
partial blastoderm, it is assumed that one lateral half of the blasto-
derm is (re)instructed so as to form a second set of abdominal seg-
ments with reversed polarity next to the original presumptive thoracic 
and cephalic segments. Theoretically one might expect intrablastoder-
mal inductive influences between the two halves. In general this has 
not been observed, except that some minor changes in orientation of 
pattern elements can occur (Van der Meer, 1978d). In some U.D.A.'s the 
supernumerary unilateral abdomen showed a tendency to re-establish a 
complete bilateral pattern in the posteriormost segments, but this al-
ways occurred within that half and did not extend into the contralate-
ral half. 
Remote constriction effects. - The missing posteriormost segments, 
e.g. S/- or S/S/-, found after anterior and equatorial constriction 
respectively may result from a disturbance of morphogenetic movements 
involved in caudal plate extension and the budding off of the abdomi-
nal segments in the reduced egg space (Van der Meer, 1978a). This in-
terpretation is supported by in vivo and histological observations of 
double abdomens in the caudal plate stage, which often show extreme 
flexure, because the reduced egg space cannot accommodate two extend-
ing caudal plates. Consequently, in most double abdomens the posteri-
ormost cuticular segments of the supernumerary abdomen are malformed 
or absent (Van der Meer, unpublished observations and Fig. 6a). The 
available data do not suggest an explanation for the absence of the 
anteriormost segments, e.g. -/s/- or -/s-'S, after posterior and equa-
torial constriction respectively. 
The dropping out of ventral, dorsal and lateral parts of segments. -
The decrease in the incidence of dorsal defects from 41% in permanent 
to 18$ in temporary constrictions supports their explanation in terms 
of faulty dorsal closure (Van der Meer, 1978a). Obviously, there will 
be much more space for normal dorsal closure in temporarily constric-
ted eggs (Fig. 2d, e). 
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The observation of cuticular holes only in the dorsal midline re­
gion suggests a relation with minor aberrations in dorsal closure, 
although undisturbed cuticular patterns were observed in the vicinity 
of such holes. Any further assumptions would be speculative at this 
time. 
The absence of ventral and lateral segment halves is not easy to 
explain at present. It is not likely that unilateral damage to the 
budding zone for abdominal segments is involved, because the phenome­
non also frequently occurred in thoracic and cephalic segments. That 
constriction will affect the budding zone is not likely either, be­
cause of the time lapse of about three hours (300C) between removal 
of the latest constriction (CB) and the start of caudal plate exten­
sion. Possibly the failure of one of the two lateral plates to become 
integrated with its contralateral half into one ventral sheet of em­
bryonic cells plays a role. In only a few cases did the lateral defi­
cit consist of failure of cuticular markers to differentiate. Only 
smooth cuticle was present on that side. However, Pig. 7k shows that 
one half may indeed be missing entirely and that the remaining half 
may become deformed and merged with itself. If abnormal unilateral 
morphogenetic movements are indeed involved, it remains to be explain­
ed how eventually one lateral half of the partial embryo largely dis­
appears . 
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gap than permanent c o n s t r i c t i o n . 
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SUMMARY 
Callosobruchus eggs were t emporar i ly d iv ided i n t o two fragments and 
the numbers of c u t i c u l a r segmenti; in the r e s u l t i n g p a r t i a l l a rvae were 
analysed . S i g n i f i c a n t l y more segments were formed in both a n t e r i o r and 
p o s t e r i o r fragments than with corresponding permanent c o n s t r i c t i o n . 
This inc rease was most pronounced in a n t e r i o r egg fragments . I t d i s a p -
peared with c o n s t r i c t i o n s appl ied in t h e young s y n c y t i a l blastoderm 
and l a t e r . Depending on the s tage and l e v e l of the c o n s t r i c t i o n e i t h e r 
u n i p a r t i t e ( a n t e r i o r or p o s t e r i o r ) or b i p a r t i t e ( a n t e r i o r and p o s t e r i -
or) blastoderms were f o m e d . In eggs con ta in ing u n i p a r t i t e b las todenns 
t h e non-developing counterpar t y i e l d e d a decaying, s o - c a l l e d e x t r a -
blas todermal yolk mass. Upon contact between two blastoderms or a u n i -
p a r t i t e blastoderm and the ex t rab las todermal yolk mass, membrane s p e -
c i a l i z a t i o n s can form. The r e s u l t s can be descr ibed m terms of t h e 
l a t e r a l i n h i b i t i o n model assuming ( l ) t h a t i n h i b i t o r decreases e i t h e r 
by leakage from the u n i p a r t i t e blastoderm i n t o the p e n v i t e l l m e f l u i d 
or by m a c t i v a t i o n through substances o r i g i n a t i n g from the e x t r a b l a s -
todermal yolk mass, and (2) t h a t i n h i b i t o r decrease s t a r t s only a f t e r 
de const n e t i o n . The ques t ion i s d i scussed whether the membrane s p e c i a -
l i z a t i o n s are involved in a c o n t r o l l e d leakage of i n h i b i t o r , which 
would exp la in i t s decrease m c o n c e n t r a t i o n . The p o s s i b i l i t y i s d i s -
cussed t h a t enzymes se t f ree from the ex t rab las todermal yolk mass may 
i n a c t i v a t e i n h i b i t o r molecules , which i s r equ i r ed t o expla in the r e -
s u l t s . The e f fec t of a poss ib l e d i f f e r e n t i a l su rv iva l of d i f f e r e n t 
p a t t e r n abnormal i t i e s at c r i t i c a l s t a g e s of development a f t e r decon-
s t n c t i o n i s d i scussed . 
INTRGDUCTICN 
In a previous study i t was shown t h a t a s o - c a l l e d segment gap develops 
when a Callosobruchus egg i s permanently d iv ided i n t o an a n t e r i o r and 
a p o s t e r i o r fragment p r i o r t o the l a t e c e l l u l a r blastoderm s tage (Van 
der Meer and Miyamoto, 1978). I t was a l so shown t h a t t he gaps f a i l e d 
t o form a f t e r c o n s t r i c t i o n s dur ing blastoderm formation, in such a way 
t h a t the two egg fragments t o g e t h e r f i n a l l y produce two complementary 
s e t s of segments. 
The gap phenomenon i s c u r r e n t l y i n t e r p r e t e d as r e s u l t i n g from i n -
t e r f e r e n c e of the c o n s t r i c t i o n with processes of segment p a t t e r n form-
a t i o n . A se t of blastoderm c e l l s must be i n s t r u c t e d by a s i g n a l so as 
t o become committed t o a s p e c i f i c segmental pathway of development. 
The temporal dynamics of segment numbers in p a r t i a l l a rvae obta ined by 
c o n s t r i c t i o n would r e f l e c t t he temporal p rogress ion of t r a n s p o r t of 
the s i g n a l s through the egg before i t s f i n a l equi l ibr ium d i s t r i b u t i o n 
i s reached ( e . g . Herth and Sander, 1973; Sander, 1976). A l t e r n a t i v e l y , 
a very e a r l y d e f i n i t i v e s i g n a l d i s t r i b u t i o n might change a f t e r con-
s t r i c t i o n and t h e segment gap would then r e s u l t from t h e i n t e r f e r e n c e 
of s i g n a l r e d i s t r i b u t i o n with c e l l u l a r (segmental) commitment (Mein-
h a r d t , 1977; Van der Meer and Miyamoto, 1978). 
Although permanent and temporary c o n s t r i c t i o n can inf luence segment 
numbers by d i s t u r b i n g morphogenetic movements or by i n f l i c t i n g damage 
t o the s t r u c t u r e of t h e egg (Van der Meer, 1978a, b ) , i t has a l s o been 
shown t h a t the lack of segments as such can be expla ined not only by 
damage t o a mosaic of p r e l o c a l i z e d segment determinants but equa l ly 
wel l by i n t e r f e r e n c e of the damage with ep igene t i c mechanisms of s eg -
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ment pattern specification (Van der М ег, 1978ъ). The normal segment 
patterns which are established when there was time enough to restore 
the physical continuity between the anterior and posterior ooplasm 
after deconstrietion, render damage to prelocalized segment determin­
ants unlikely as an explanation for the gap phenomenon (Van der Meer, 
1978b). Moreover, polarity reversal obtained in large series of seg^ 
ments after temporary anterior constriction supports an epigenetic me­
chanism of overall control of the specification of metamerie order 
(Van der Meer, 1978b, с). 
Temporary constriction creates situations in the constriction regi­
on which are quite different from those resulting from permanent con­
striction (Van der Meer, 1978b, d). Either fusion or several types of 
contact may occur between the anterior and the posterior egg fragment. 
Ofte may therefore ask whether the presence or absence of such physical 
contacts has any physiological consequences for the processes involved 
in the specification of metamerie order. The data presented in this 
study will answer this question in the affirmative. 
MATERIALS ANO METHODS 
This paper deals with a quantitative study of the segment gap obtained 
with temporary constriction, and is based on data presented qualitati­
vely in a previous study (Van der Meer, 1978b). The data mainly resul­
ted from anterior constrictions, because the primary aim was to study 
polarity reversal (Van der Meer, 1978c), which only occurred at these 
constriction levels. This explains the occasional scarcity of data 
from posterior constriction levels. Some experiments showing almost 
total absence of cuticle formation (see discussion of developmental 
arrest) were discarded. 
Details of the rearing of beetles and of egg procurement as well as 
experimental procedures and preparative techniques for phase-contrast 
microscopy of the larvae were given Ізу Van der Meer (1977» 1978a, b). 
Electron microscopy. Most insect eggs can be eatisfactorily fixed 
only by pricking the egg with fine tungsten needles at several places 
while in the fixative. Constricted eggs were pricked in 3$ glutaralde-
hyde in 0.1 M cacodylate buffer and subsequently fixed using glutaral-
dehyde-osmium tetroxide with postosmication (Franke et al., 1969)· 
Pricking in the constriction region was avoided because of possible 
mechanical disturbance. After fixation and rinsing in buffer the egg 
poles were cut off with a piece of razor blade to facilitate penetra­
tion of osmium tetroxide during the postosmication step. Eggs were 
dehydrated in alcohol, transferred via propylene oxide to Epon and 
oriented during trimming. They were block-stained with 1% saturated 
uranyl acetate in 70$ alcohol during dehydration. Ultrathin sections 
(6O-9O nm) were cut with a Zeiss ultramicrotome, stained with lead 
citrate (Reynolds, 1963), and studied with the electron microscope 
(Philips E.M. ЗО1). 
Statistical comparison of mean segment numbers obtained under dif­
ferent experimental conditions was carried out with the t-test of 
Welch (Wang, 1971; for details see: Van der Meer and Miyamoto, 1978). 
Terminology. Development of a partial larva in either of two egg 
fragments is called "alternative development", whereas "bipartite de­
velopment" occurs when the two fragments of one egg loth contain a 
partial larva. With alternative development only one of the egg frag­
ments contains a "unipartite blastoderm" (Fig. 1a, b), whereas with 
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bipartite development a "bipartite blastoderm" develops in the egg. 
The class of "normal larvae" contains in addition to actually normal 
larvae also larvae which have a complete set of segments but lack some 
cuticular markers in a few segments. Larvae showing one or two seg­
ments which lack the ventral or dorsal half (Van der Meer, 1978a) are 
also contained in this class. Constriction levels are indicated as 
percentages of egg length, starting with 0% at the posterior pole. 
Data are presented in 5% constriction intervals, which is the size of 
the measuring error (± 2.5$ E.L.) (see Van der Meer and Miyamoto, 
1978). 
Normal stages. MI: anaphase of first meiotic division, Ш п : nuclear 
migration, with η indicating the number of nuclei, SBy, SBm and SBo 
respectively: syncytial blastoderm young (no radial cell membranes, 
pole cells protruding), middle (radial cell membranes start to form, 
pole cells protruding), and old (radial cell membranes completed, pole 
cells still protruding), CB: cellular blastoderm (tangential cell mem­
branes being formed, pole cells invagmated), VP: ventral plate (first 
histological differentiation between ventral embryonic blastoderm of 
columnar cells, and dorsal extraembryonic blastoderm of cuboidal or 
slightly flattened cells), CP: segmented caudal plate (germ band ex­
tension along dorsal egg surface, L: hatching larva (dark brown pig­
mentation m head parts). Constriction and removal stages are indica­
ted in that order separated by a slant line. 
RESULTS 
Comparison of mean segment numbers among temporary constr ict ions of 
ident ica l duration applied in successive developmental periods 
I t would be of interes t to know whether m p a r t i a l larvae different 
segment numbers are formed when a temporary constr ict ion of given du­
rat ion i s applied in different stages of nuclear migration. Because 
permanent constrict ions have shown no increase in segment numbers du­
ring t h i s period (Van der Meer and Miyamoto, 1978), i t i s expected 
that segment numbers wil l be independent of whether a temporary con­
s t r i c t i o n is applied early or l a te during nuclear migration. Data were 
selected from brief (5 mm.) and long (2 h r s . ) temporary constr ict ions 
s t a r t i n g at stages M2, Ш4-8, Шіб-32 and SBy at 30oC. As expected, 
with brief constr ict ions (Table 1: upper half) segment numbers are in­
dependent of the developmental period of constr ic t ion. Only occasion­
a l ly , s ignificant differences were found af ter longer-last ing con­
s t r i c t i o n (Table 1: lower ha l f ) , but there was no consistent increase 
or decrease of segment numbers. 
The next section assesses possible differences among segment num­
bers m p a r t i a l larvae resul t ing from corresponding permanent and tem­
porary constr ic t ion. 
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b u t a r e f o u n d o c c a s i o n a l l y i n l o n g e r - l a s t i n g c o n s t r i c t i o n s . 
Comparison of mean segment numbers per constriction level among part­
ial larvae resulting from corresponding temporary and permanent con­
st riet i ons 
Only some of the differences in segment numbers between removal stages 
(not shown) involved more than two segments, which is low when compar­
ed to gap sizes of up to 7 segments as obtained with corresponding 
permanent constriction (Pig. 2). Therefore, these data were pooled per 
constriction stage and level. The mean segment numbers thus obtained 
were compared with segment numbers from corresponding permanent con­
strictions (data from Van der Meer and Miyamoto, 1978). For reasons 
set out in the discussion (p. 116), here only data from alternative 
development after temporary constriction were compared to data from 
alternative and bipartite development after permanent constriction. 
Table 2 shows that segment numbers from temporary constrictions during 
nuclear migration are significantly higher in nearly all posterior 
partial larvae and in some anterior partíais. With constrictions star-
ting in stage SBy such differences are nearly absent both in anterior 
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and in poster ior p a r t í a i s . This resu l t s from a significant (1% level) 
decrease in segment numbers in stages SBy/- as compared with NM16-32/-
(Table 2: levels 42.5-62.5$ E .L . ) . The differences in segment numbers 
between permanent and temporary constr ic t ion are much larger in anter-
ior than in posterior p a r t í a i s , at least in stages Ш2 and M16-32. 
However, only in one case was t h i s difference s t a t i s t i c a l l y s i g n i f i ­
cant, due to the low number anter ior pa r t í a i s from constr ict ion ap-
plied at stage Ш16-32/-. 
When at corresponding constr ict ion levels segment numbers from an­
t e r i o r and poster ior fragments are summed, i t appears that the two 
fragments together can produce more than the normal number of nineteen 
segments. Unfortunately, a l ternat ive development of both anter ior and 
poster ior egg fragments at the same constr ict ion level only occurs in 
a limited range of leve l s . However, the complete absence of the seg­
ment gap i s clearly shown by the constr ict ions applied in stageNM16-32 
between 42.5 and 62.5$ E.L. (Table 2 ) . 
To remove any doubt whether the pooling of segment numbers from 
different removal stages i s permissible, a s imilar s t a t i s t i c a l compar­
ison was carried out with the non-pooled data, with essent ia l ly the 
same r e s u l t s . 
From the preceding two sections i t i s concluded that ( l) af ter tem­
porary constr ict ion during nuclear migration stages more segments are 
formed both in anter ior and in poster ior egg fragments than with cor­
responding permanent constr ict ion, (2) t h i s difference in segment num­
bers i s more pronounced in anter ior egg fragments and in constr ict ions 
s t a r t i n g before stage SBy, and (3) the occasional differences found 
among successive stages of constr ict ion and removal can be explained 
by an inconsistent increase in segment numbers, par t icu lar ly a f ter 
longer las t ing constr ict ion (Table 1). 
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Fig- 1 
Alternative development af ter temporary const r ic t ion. Ventral aspect 
of poster ior (a) and anter ior (b) p a r t i a l blastoderm with extrablas-
todermal yolk mass. Anterior pole above. Eggs constricted during s t a ­
ges NM2/NM16-32. Arrows indicate the chorionic mark left by the razor 
blade. Note the smaller yolk globules and the absence of a blastoderm 
in the extrablastodermal yolk mass. Zeiss br ight-f ie ld, c : Membrane 
spec ia l iza t ions . Sagi t ta l E.M. section through constr ict ion region of 
an egg constricted at 4-0% E.L. during stages SBy/SBy (5 mm. duration) 
and fixed at stage CB. Gap distances between heads of arrows at 1, 2 
and 3: 10, 18 and 16 nm respectively. Blastoderm was formed in the an­
t e r i o r fragment, but the poster ior only contained nuclei located i r r e ­
gularly in the periplasm. With constr ic t ion during stages Ш2/Ш16-32, 
SBy/SBy and SBy/CB, membrane specia l izat ions were found in 4ι 8 and 4 
investigated eggs, respectively. Intimate contact between the two oo-
lemmata over re la t ive ly large distances, without formation of membrane 
special izat ions was also observed. 
Abbreviations: A: anter ior healthy egg fragment, b l . : blastoderm, 
c: cytoplasm of blastoderm c e l l , eh. : chorion, eby: extrablastodermal 
yolk mass, E.R.: endoplasmic reticulum, M: mitochondrion, P: poster ior 
egg fragment with decayed ooplasm const i tut ing the extrablastodermal 
yolk mass, y : yolk endoplasm. 
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Comparison of segment numbers among partial larvae from uniρartite 
blastoderms with and without physical contact with the ertrablasto-
dermal yolk mass 
After removal of a constriction, physical contact may be established 
between the two egg fragments as a result of the tendency of the oo-
plasmic material to rearrange itself (Van der Meer, 19?8b: Fig. 2). 
When complete or incomplete fusion fails to occur either of the fol­
lowing situations is observed in the blastoderm stage. After early 
anterior or posterior constriction a unipartite posterior or anterior 
blastoderm develops respectively (Fig. 1a, b), because early constric­
tion obviously prevents the nuclei from populating both fragments of 
the same egg. The other egg fragment usually forms a yolk mass not 
surrounded by a blastoderm but by the oolemma. With late equatorial 
constriction, when nuclei have already populated large egg regions, 
bipartite blastoderms can form. If for some unknown reason one of the 
complementary blastoderms fails to continue development, this also re­
sults in an extrablastodermal yolk mass comparable to that obtained 
after early constriction (Fig. la, b). Although initially it is diffi­
cult to see whether an egg fragment will fail to continue development, 
the yolk mass soon becomes darker. Usually it then remains as a dis­
tinct dark mass anterior or posterior to the unipartite blastoderm, 
but sometimes it eventually disintegrates into individual yolk glo­
bules surrounding the unipartite blastoderm. 
Membrane specializations developed soon after de const net ion upon 
physical contact between two complementary blastoderms or between a 
unipartite blastoderm and its accompanying extrablast odermal yolk mass 
(Fig. 1c and unpublished observations). In the latter situation the 
specializations probably had first developed upon physical contact be­
tween the oolemmata of two healthy egg fragments and continued to per­
sist after one of the two has decayed. They look like undifferentiated 
junctions because no structural features apart from electron-opaque­
ness are observed. Moreover, the considerable variation in gap distan­
ce among the membrane specializations does not allow identification by 
the usual criteria for different types of junctions (see: Gilula, 
1974). 
If we assume that these membrane specializations function as commu­
nicative junctions, they may allow the passage of ions and small mole­
cules (Sheridan, 1976), among which may be molecules carrying instruc­
tions for segmental commitment. Consequently it is possible that the 
existence of physical contact between a unipartite blastoderm and its 
accompanying extrablastodermal yolk mass would affect the number of 
segments m the resulting partial larva as compared with corresponding 
situations without yolk contact. In a number of experiments a distinc­
tion was therefore made between unipartite blastoderms with and with­
out yolk contact, as judged in the dissecting microscope. Absence of 
yolk contact was rare and only occurred when the chorion almost com­
pletely failed to return to its normal shape. This prevented the re­
arrangement of the ooplasm of the two fragments (Van der Meer, 1978b: 
Fig. 2) and resulted m a small space m between, filled with penvi-
tellme fluid. Moreover, this method of estatlishing yolk contact does 
not exclude the existence of a small gap at the ultrastructural level 
between the two fragments (unpublished observations). The segment num­
bers of the resulting partial larvae were statistically compared and 
no significant differences were found (Table 3)· It is concluded that 
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the observed increase in segment numbers in temporary as compared with 
permanent constrictions is independent of physical contact between the 
unipartite blastoderm and the extrablastodermal yolk mass, but that 
the existence of the latter still may be required for the increase in 
segment numbers. 
Table i Сотрагіэоп of mean numbers of segment» among f a r t i a l larvae 
from u n i p a r t i t e b l a a t o d e n n s u i t h and «iCiiuut p h y a i t a l c o n t a c t 
with the e * t r a b l a s t o d e i m a l yoU тлав. 
Staqu of ï o lk Contact 
BOnstrlO removal p r e s e n t absent 
% L.L. μ
 l 8 . e . m - ) η ¿ l s , u *., . 
NM4-d i l i .b 1У (0.2) 24 19 (0 .¿) 7 
S7.5 И (0.1) 2¿ 19 (0.0) 13 
J2.S 19 (0.0) 6 19 (0.0) 1 
SBy 67 .5 IG ¡0.7) 7 17 (0 .Í1 
NH2 72.5 17 (0.4) 2¡ 14 (0 i) 1. 
77.5 17 {O.b) 20 le (0.21 Ρ 
B2.5 17 (0.9) Ъ iü (O.l) 32 
И7.5 It) (0.3} β 18 (O.U 25 
92.5 19 (0.2) 19 lö (0.3) A 
И S 19 ¡0.0) 2t 19 (0.0) 2 
Ν(Μ-β 62 .5 13 13.41 3 15 (ü.d) IJ 
т м - и а «2.^ IH to.i) ih іч tu.oi τ 
NH4-(t ЧТ.Ъ 19 (0.1) 17 19 Ю Л ) 14 
э: ' .5 19 (Q.Ol 7 η (0.01 4 
SBy 7.5 IH (0.2) Π К )) 
; p h y s u 
ι d i s t i n c t i o n was made between egg» 'Vlth 
ween the u n i p a r t i t e blastoderm 
non-deve1op υ ι g c u u n t u r p a c t Mean 
segment numburs, a l l from | i o s t e i i o r p a r t í a l a , were comparL'it between 
presence and absence of yolk c o n t a c t . Only a l i o i t t d number of een-
p a r i sons could be c a r r i e d ou t because absence of yolk con tac t wts 
r a r e . Lonpariaon was not c a r r i e d out when s . e ra • 0 or η < 2 . I h e 
only s i g n i f i c a n t d i f f e r e n c e found (b» l e v e l ) occurred in a n t e r i o r 
p a r t í a i s and was no t included in the t a b l e : with c o n s t r i c t i o n during 
atagea NK2/SBy on the average ц · 1.9 s e ^ w n t s appearfd with yolk 
c o n t a c t , whereas 3 • 0.0 segnents were formed without yolk conta t . 
Abbrevia t ions ù e s t i m a t e of mean number of seqmc tb I s . · . « . ] 
s tandard e r r o r of tlttt mean; η inntier of p a r t i a l l a r v a e , s tage alJar. 
see Ha te r id l ä and Hethods. 
The relation between gap size and constriction level 
The increase in segment numbers in anterior as well as posterior egg 
fragments as compared with permanent constrictions (Table 2) predicts 
that the mean gap size will be significantly smaller after temporary 
than after permanent constriction. It would be interesting to know (l) 
whether the relation between constriction level and gap size takes the 
same course as in permanent constrictions, and if so, (2) whether the 
decrease takes place at all constriction levels or is restricted to a 
specific constriction interval. Mean numbers of missing segments were 
therefore calculated. Because mean gap sizes from permanent constric-
tion data were calculated with data from bipartite development only 
(Van der Meer and Miyamoto, 1978), this procedure was followed with 
the temporary constriction data too, to achieve a fair comparison. 
Also here the gap size is defined as the number of segments absent 
between two apparently normal arrays of segments resulting from bi-
partite development. Fig. 2 shows that the gap size follows the same 
general course as in permanent constrictions. Surprisingly, no signi-
ficant differences in gap size were found between temporary and perma-
nent constriction, although after temporary constriction the gap is 
slightly smaller between 40 and 65^ E.L. 
io?. 
Temporary constr ic t ion also resulted in the development of so-
called " l i p at the bel ly"-larvae. They consist of a s p a t i a l l y united 
ser ies of segments, hut with some segments missing in between (Van der 
Meer, 1978b). The r e l a t i o n between gap size and constr ict ion level in 
" l i p at the belly"-larvae i s also shown in Pig. 2. I t appears that ( l ) 
the mean gap size i s f luctuat ing around five segments (5 І 0.09; η = 
230), and (2) the decrease with respect t o the gap size from b i p a r t i t e 
development af ter temporary constr ict ion i s s t a t i s t i c a l l y s ignif icant 
at constr ict ion levels 47.5^ {ЪІ° level) and 52.5 and 57.5^ E.L. ( 1 ^ 
l e v e l ) . 
Mean gap size 
22 5 27.5 32 5 375 1.2.5 1.7.5 525 575 625 675 725 775 825 875 
Constriction level (%E.L ) 
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Fig, 2 
Relation between mean number of missing segments (mean of observed 
gap s izes) and constr ict ion leve l : comparison of data from perman­
ent (Van der Meer and Miyamoto, 1978) and temporary cons t r ic t ions . 
Weighted means were calculated per constr ict ion level for b i p a r t i t e 
(s/s) development only. For greater c l a r i t y data of various stages 
were pooled per constr ict ion level as follows: permanent c o n s t r i c t ­
ion (. .) stages M16-32 through SBm and CB through VP, tempora­
ry constr ict ion ( · ·) stages Ш2/Ш2 through SBy/CB. The pool­
ing of permanent constr ict ion data i s jus t i f i ed by the absence of 
s ignif icant differences in mean segment numbers within each of the 
stage groups MI through SBy-SBm and CB through VP (Van der Meer and 
Miyamoto, 1978). As regards the S/S data for temporary constr ict ion, 
one should consider that the occasional differences in segment num­
bers observed (Table 1) go e i ther way and thus probably do not in­
fluence the mean segment number. 
For " l i p at the belly"-larvae (S~s) a f ter temporary constr ict ion 
the data were also pooled per constr ict ion level from stages NM2/ 
Ш2 through SBy/CB, because of the low number of " l i p at the bel­
l i e s " per individual constr ict ion and removal combination. The mean 
missing segment numbers thus obtained are in good agreement with 
the gap sizes shown by the non-pooled data. 
Vertical bars indicate standard errors of the mean. 
Numbers of eggs per measuring point are indicated. 
Explanation: see t e x t . 
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Developmental a r res t 
Stage-specific ar res t of development in egg fragments and absence of 
cut icuiar izat ion in segmented p a r t i a l етЪгуоз were established Ъу in 
vivo observation of 863 eggs. Constriction was applied during stages 
Ш.2/Ш16-32 at successive intervals of 40-60, 60-70 and 70-80$ E.L. 
Observation s t a r t e d immediately af ter deconstrietion and was repeated 
at c r i t i c a l developmental stages, through the l a te caudal plate stage 
(Fig. З) . I t appeared that in almost a l l cases developmental arrest 
(1) was followed by the death of the egg fragment in question and (2) 
was largest at stages between deconstrietion and c e l l u l a r blastoderm 
and at stage L. Moreover, considerable arrest occurred in stage CP1 
at 60-70$ E.L. Pig. 3 also shows the low probabil ity of anter ior de­
velopment when the constr ict ion i s placed between 70 and 80$ E.L. 
Early anter ior constr ict ion deprives the anter ior fragment of nuclei , 
which resul t s in developmental arres t and eventual decay of the yolk 
mater ia l . 
The high percentage of dead egg fragments in stage L is p a r t i a l l y 
a r t i f i c i a l and due to the fact that egg fragments were not screened 
in stages CP2-4 at 4O-6O and 60-70$ E.L. Consequently these dead frag­
ments showed up at stage L. The increase also r e s u l t s from the fact 
that clearly segmented embryos were completely digested during the 
mounting procedure (Van der Meer, 1977), when they fa i led t o cut icul-
a r i z e . These embryos remained alive without a cut ic le for several days 
a f ter normal hatching should have occurred. 
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Fig. 3 
Stage-specific percentages of dead anter ior and poster ior egg 
fragments (abcissa) a f ter temporary constr ict ion during stages 
NM2/NM16-32 at three successive constr ict ion i n t e r v a l s . Ordin­
a t e : stages of development (аЪЪге . : see Materials and Methods). 
The numher of constr icted eggs (n) that did not burst, as ob­
served immediately af ter removal at stage Ш16-32, i s set at 
100$. Absolute numbers of dead egg fragments are indicated in 
the horizontal beams and are expressed as percentual fractions 
from the number of surviving egg fragments in the preceding 
s tage. In some CP stages no observations vrere made (blank 
p laces) . CP1-4: segmented caudal plate stage, with numbers in­
dicat ing f i r s t through fourth day of observation. Note that the 
fraction of dead fragments in any stage r e s u l t s from develop­
mental arres t preceding that stage. Developmental arrest due to 
the absence of cut icuiar izat ion is shown at stage L. 
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DISCUSSION 
Egg fragments from temporary c o n s t r i c t i o n s produce more segments than 
corresponding fragments from permanent c o n s t r i c t i o n s 
Segment numbers obta ined with temporary c o n s t r i c t i o n have been compar-
ed in two ways. Comparison of c o n s t r i c t i o n s of i d e n t i c a l dura t ion made 
in p rog re s s ive ly o lde r s t ages of nuc lea r migra t ion showed an i n c o n s i s -
t e n t v a r i a t i o n in segment number at only a few c o n s t r i c t i o n l e v e l s , 
p a r t i c u l a r l y with a two-hours c o n s t r i c t i o n i n t e r v a l (Table l ) . The 
same i n c o n s i s t e n t p i c t u r e emerged a f t e r comparison among removal s t a -
ges wi th in one c o n s t r i c t i o n s t age (da ta not shown). 
The i n c o n s i s t e n t v a r i a t i o n s may r e s u l t from an i n c o n s i s t e n t i n c r e a -
se in segment number, which in t u r n may be due t o some inheren t v a r i a -
t i o n in the process under ly ing t h i s i n c r e a s e . Apparently b r i e f (5 min.) 
c o n s t r i c t i o n r e s u l t s in about the same degree of segment inc rease in 
d i f f e r e n t s t a g e s of c o n s t r i c t i o n and removal, because mutual s i g n i f i -
cant d i f f e rences are almost absent (Table l ) . 
The inc rease in segment numbers with a l t e r n a t i v e development only 
might r e s u l t from a p o s s i b l e inc rease in length of t h e u n i p a r t i t e 
blas toderm, due t o a coopera t ive e f f ec t of ( l ) t he tendency t o r e -
arrange egg conten ts (Van der Meer, 1978b: F i g . 2) and (2) d i f f e r en t 
phys ica l p r o p e r t i e s of the ex t rab las todermal yolk mass. An increase 
in s t r u c t u r a l i n t e g r i t y of the egg a t s tage SBy might counteract the 
inc rease in length and thus prevent segment number i n c r e a s e . However, 
i nd iv idua l observa t ion of 863 t empora r i ly c o n s t r i c t e d eggs showed, 
t h a t the ex t rab las todermal yolk mass (F ig . l a , b) u s u a l l y r e t a i n s i t s 
s t r u c t u r a l i n t e g r i t y and s i z e at l e a s t u n t i l t h e s t a r t of germ-band 
extens ion at l a t e s tage VP. With respec t t o t h e chor ion ic c o n s t r i c t i o n 
mark measured a s l i g h t displacement towards the egg poles of ac tua l 
s e p a r a t i o n planes in the yolk u s u a l l y occurs , due t o t h e tendency t o 
rear range egg c o n t e n t s . This displacement a l so occurs both with b i p a r -
t i t e development and with a l t e r n a t i v e development at s t age SBy and 
t he r e fo re does not expla in the segment number i n c r e a s e . 
Increase in segment numbers as compared t o permanent c o n s t r i c t i o n 
might a l so be exp la ined by the i n c r e a s e i n i n t e r n a l t r a n s v e r s e egg 
space in the c o n s t r i c t i o n region a f t e r d e c o n s t r i c t i o n . I t has been 
shown t h a t lack of t r a n s v e r s e egg space can r e s u l t in miss ing dorsa l 
segment h a l v e s . This e f fec t decreases from 41/£ of cases in permanent 
c o n s t r i c t i o n s t o 18^ in temporary c o n s t r i c t i o n s (Vaa der Meer, 1978a, 
b ) . However, t h i s exp lana t ion a l s o f a i l s because inc reased segment 
numbers are absent with s i m i l a r c o n s t r i c t i o n s ( l ) s t a r t i n g in s tage 
SBy (Table 2) or (2) r e s u l t i n g in b i p a r t i t e development (Table 4î see 
below), although in both cases r educ t ion of egg space i s comparable 
t o t h a t in s t ages with segment i n c r e a s e . 
A model t o desc r ibe t h e inc rease in segment numbers 
Increased segment numbers in p o s t e r i o r p a r t i a l l a rvae can be explained 
in terms of the l a t e r a l i n h i b i t i o n model of Gierer and Meinhardt 
(Meinhardt, 197?)· In t h i s model a high concen t ra t ion of an a u t o c a t a -
l y t i c substance - the a c t i v a t o r - i s formed by the i n t e r a c t i o n of t h i s 
a c t i v a t o r with i t s longer - rang ing a n t a g o n i s t , t he i n h i b i t o r . The i n h i -
b i t o r molecules may ca r ry the i n s t r u c t i o n s for segmental commitment of 
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groups of blastoderm c e l l s . If - in t h i s model - the mh ih i to r level 
f a l l s below an activator-dependent threshold level m the anter ior 
region of a un ipar t i t e poster ior blastoderm a second act ivat ion can be 
formed (Meinhardt, 197?)· This describes polar i ty reversal a f ter tem-
porary constr ict ion of Callosobruchus eggs (Van der Meer, 1978b and 
t h i s study: Fig. 4f) · The basic assumptions are ( l ) that inh ib i tor l e -
vel decreases e i ther by leakage into the p e n v i t e l l m e f luid or af ter 
mact iva t ion by certain substances (e .g . RNase: see Kandler-Singer and 
Kalthoff, 1976) originat ing from the decaying extrablastodermal yolk 
mass, and (2) that inhib i tor decrease s t a r t s only af ter removal of the 
cons t r ic t ion . The reduction of the inh ib i tor level may also resul t 
from the mact iva t ion of a substance which i s necessary for production 
of the inh ib i to r , e .g . the mact iva t ion of mRNA or nbosomes (Mem-
hardt , personal communication). When inhib i tor decrease in a poster ior 
egg fragment would stop before i t f e l l below the threshold leve l , or 
when ce l lu la r commitment takes place before a second act ivat ion ensued, 
the inhib i tor profi le would contain a larger range of ins t ruct ions 
(Fig. 4e) than in permanent constr ict ions where the inhibi tor does not 
decrease (Fig. 4c)· This would resul t in the specification of more 
segments in poster ior un ipar t i t e blastoderms from al ternat ive develop-
ment. Therefore these segment pat terns might be interpreted as a " s t i l l 
p ic ture" of spa t ia l signal d i s t r ibu t ion (Fig. 4e) just pr ior to the 
red is t r ibu t ion which eventually leads to polar i ty reversal at the an-
t e r i o r end (Fig. 4f» broken l i n e s ) . However, t h i s inhibi tor d i s t r i bu -
t ion can also be a s table one, depending on basic ac t ivator , and a c t i -
vator-independent inhibi tor production, and on inhibi tor decrease 
(Meinhardt, personal communication). 
Increased segment numbers m anter ior fragments can be interpreted 
along similar l i n e s . Inhibi tor decrease would consequently take place 
in the poster ior region of the anter ior egg fragment immediately upon 
const r ic t ion, as with permanent constr ic t ion (Fig. 4<i). With tempora-
ry constr ic t ion an additional decrease i s required to bring the i nh i -
b i tor below the threshold level af ter de const n e t ion (Fig. 4g: broken 
l i n e s ) , which resu l t s in act ivat ion and subsequent inhibi tor increase 
(Fig. 4g: sol id p ro f i l e s ) . According to Meinhardt (l977) low inhib i tor 
values would ins t ruct for cephalic segments. The suggested prof i les 
explain why only cephalic segments are formed with permanent cons t r i c -
t ion during nuclear migration, e .g. around 30% E.L. (Fig. 4d.) » whereas 
thoracic and even some abdominal segments are added with corresponding 
temporary constr ic t ion (Fig. 4ß)· The absence of complete segment pa t -
terns a f te r temporary constr ict ion at 30% E.L. suggests that ful l ac -
t iva t ion i s not a t ta ined. The much more substant ial increase in seg-
ment numbers in anter ior than in poster ior egg fragments becomes un-
derstandable by the following reasoning. Inhibi tor decrease m a pos-
t e r i o r un ipar t i t e blastoderm (e .g . 70%E.L., see Fig. 4e) can add on-
ly a limited range of inhibi tor values because the i n i t i a l inh ib i to r 
values are already low anter ior ly (Fig. 4b). In contrast , t heo re t i c a l -
ly at least the act ivation m the poster ior part of an anter ior p a r t i -
al blastoderm (e .g . 30% E.L·., see Fig. 4g) might in the same time i n -
te rva l reach the maximal l eve l . Therefore, anyhow a wider range of in -
h ib i to r values may be added m anter ior fragments (compare Fig. 4^), 
but the continuing act ivat ion and inhib i tor increase may not be su f f i -
cient to establ ish the complete range within the time avai lable . 
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Fig. 4 
Hypothetical activator (A) and inhibitor (l) profiles which describe 
the results from permanent and temporary constriction in terms of the 
lateral inhibition model (Meinhardt, 1977)· Abcissa: position along 
anteroposterior egg axis (in %E.L.)» ordinate: concentration. Ant, 
Post: anterior and posterior egg pole, respectively, "t : decaying ex-
trablastodermal yolk mass which forms after early anterior or poster-
ior constriction. Model description: during oogenesis or very early 
embryogenesis there is a basic, low production of A and I throughout 
the egg (a: dashed profiles). Some stimulus results m a small post-
erior activator increase above inhibitor level. Because A catalyses 
its own production and that of I, an autocatalytic activator peak is 
"fired" followed by an inhibitor increase (b). Because A diffuses 
slowly and I rapidly, the activator peak is restricted to a small 
posterior area whereas I diffuses throughout the egg inhibiting the 
firing of a second activator peak outside the activated area. The 
position-dependent inhibitor values can instruct groups of blastoderm 
cells to become committed to a specific segmental pathway of differ-
entiation. Solid vertical lines indicate constriction at levels indi-
cated by vertical broken lines in (a) and (b). Thin arrows indicate 
increase m levels of A and I during secondary activation, which is 
assumed to result from the altered distribution of A and I immediately 
upon de const net ion. Generally, activation in posterior egg frag-
ments may not be maximal because inhibition of A-production becomes 
more effective, due to accumulation of I. In these diagrams it is 
assumed that definitive A and I distributions exist from oviposition 
onwards. Permanent constriction: at JCffo E.L. showing accumulation of 
I and corresponding loss of instructions (c), and at 30^ E.L. showing 
depletion of A and I till very low levels because of the absence of 
the activated area (d). Temporary constriction: (e) through (h). Ad-
dition of instructions and corresponding segments in a posterior egg 
fragment by decrease of I (e). Secondary activation resulting in a 
symmetrical distribution of I in a posterior fragment after decrease 
of I below threshold level for activation (f); broken lines indicate 
original distribution of A and I. Depletion of A and I m an anterior 
fragment till very low levels (compare (d)), followed by secondary 
activation in the region of contact with -f (g). Absence in a small 
posterior fragment of decrease of I in the case of bipartite develop-
ment. Secondary activation in anterior fragment is also absent (h) 
(compare (e) and (f)). 
Further explanation: see text. 
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Low segment numbers with constrictions starting at stage SBy 
It has been shown that in either anterior or posterior egg fragments 
from alternative development segment numbers no longer increase with 
constriction from stage SBy onwards (Table 2). Moreover, polarity re-
versal also becomes rare (Van der Meer, 1978c). 
There are two possible explanations for this. First, the time avail-
able between deconstriction and cellular (segmental) commitment in late 
stage GB may be too short to allow for a sufficient decrease of inhibi-
tor concentration in posterior fragments, and to guarantee a sufficient 
increase of activator and inhibitor in anterior partíais. However, con-
striction at stages NM2, Ш4-8 and Ш16-32 and deconstriction at stage 
SBy did produce increased segment numbers, whereas this increase failed 
to appear in stages SBy/SBy. These data were not presented separately, 
but they yielded the same average segment numbers as the pooled data 
for these stages presented in Table 2. Moreover, the time interval be­
tween stages SBy and CB (7 hrs. at 300C) is unlikely to be a limiting 
factor even in the case of a relatively slow inhibitor redistribution. 
Finally, the occurrence of almost 80$ polarity reversal after constric­
tion at 67.5$ E.L., e.g. during stages NM2/SBy (Van der Meer, 1978c) 
shows that extensive redistribution of the inhibitor is still possible 
after stage SBy. It is therefore concluded that segment number increase 
depends on the stage of constriction rather than on the stage of decon­
striction. This may indicate a difference in inhibitor distribution 
before and at stage SBy. 
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Secondly, in the preceding section we argued that one of the two 
possibilities for inhibitor decrease is through leakage into the pen-
vitellme fluid. However, it is conceivable that exchange of inhibitor 
could also take place between the two members of a bipartite blasto­
derm because upon their physical contact membrane specializations also 
appear. Moreover, in cases of bipartite development possible inactiva­
ting influences from an extrablastodermal yolk mass are also excluded 
(Pig. 4h). To test this possibility, segment numbers from bipartite 
development were also compared with segment numbers from corresponding 
permanent constrictions (Table 4)· It appears that increase in segment 
numbers after temporary constriction is entirely restricted to alter­
native development (Table 2). It is concluded that exchange of segmen­
tal instructions between the two members of a bipartite blastoderm 
does not take place. Incidentally, this also explains the unexpectedly 
small difference in gap size between permanent and temporary constric­
tion shown in Fig. 2, because for this figure only data from bipartite 
development after temporary constriction were used to calculate the 
mean gap size. In fact the gap almost disappears. It also becomes much 
smaller than the non-spatial gap observed in "lip at the belly"-larvae. 
Although bipartite development is most frequent at steige SBy, this re­
sult does not say anything about the absence of an increase m segment 
number from stage SBy onwards shown in Table 2, because these data 
were taken from alternative development only. Thus the assumption of a 
difference in the initial conditions of inhibitor distribution before 
and at stage SBy is left as a possibility. 
Is has been argued on the basis of literature and permanent con­
striction data from Gal1osobruchus that a definitive equilibrium dis­
tribution of instructions is probably present as early as at oviposi-
tion or even before (Van der Meer and Miyamoto, 1978). The above re­
sults would require the following modifications of this view. Activa­
tion and inhibitor transport might not occur before blastoderm forma­
tion and only very low, basic activator and inhibitor levels might 
exist in earlier stages. The difference in initial conditions alluded 
to above might be that the low inhibitor level existing prior to blas­
toderm formation would facilitate an increase of segment numbers and 
the occurrence of double abdomens. However, it does not explain that 
these two phenomena also occur after early temporary constriction, 
e.g. during stages Ш2/[Щ1б-32. In some way or other the effect of 
early temporary constriction on the inhibitor level must be deferred 
until blastoderm formation. Evidently inhibitor decrease by leakage or 
inactivation would start immediately after early de const net ion, re­
sulting in the firing of an activator peak at the anterior end of the 
posterior egg fragment long before the firing of the normal posterior 
activation peak. Cue would expect that the resulting high inhibitor 
levels reached early at the anterior end of the posterior fragment 
would prevent normal activation at the posterior end and the develop­
ment of double abdomens, but this was not observed. A delay of the 
constnction-mduced activation till blastoderm formation might create 
equal chances for activation in both the anterior and the posterior 
region of the posterior egg fragment (see Pig. 4f)· Such a delay might 
conceivably be due to storage or inactivation of the inhibitor during 
nuclear migration (compare: Kandler-Smger and Kalthoff, 1976). Leak­
age can certainly not go on until blastoderm formation without causing 
the death of the egg fragment. But the decaying yolk mass is present 
all the time, releasing possible mactivators which might become ef-
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fective during syncytial "blastoderm stages. Finally, this view would 
imply that the temporal dynamics of segment number increase after per­
manent constrictions during blastoderm formation would reflect the 
transport of instructing signals rather than the interference between 
post-constriction signal redistribution and the progression of cellu­
lar (segmental) commitment (Van der Meer and Miyamoto, 1978). 
Low segment numbers with bipartite development 
With permanent constriction there was no difference in segment numbers 
between alternative and bipartite development (Van der Ме г and Miya­
moto, 1978). With temporary constriction the statistical segment gap 
is completely absent in partial larvae from alternative development, 
but in bipartite development remained as large as with permanent con­
striction. We argued that this difference cannot be explained by chan­
ges in the transverse and longitudinal dimensions of the egg fragment 
after deconstrietion. 
Gap size in "lip at the belly"-larvae (Fig. З) was much larger than 
in partial larvae from alternative development (Table 2). When compar­
ed with permanent constriction (Fig. 3), it was still significantly 
smaller, except anterior to 70$ E.L. "Lip at the bellies" develop from 
eggs divided transversely by a cytoplasmic or syncytial zone, which in 
some cases can become cellular later (Van der Meer, 1978b). 
These differences in gap sizes might result from different condi­
tions in the constriction region in bipartite and unipartite egg frag­
ments and in eggs with a transverse zone (Fig. 5)· We assume that the 
loss of segmental instructions by accumulation and depletion on both 
sides of the transverse barrier is more effective with a transverse 
double layer of oolemmata or blastoderm cells (Fig. 5a) than with a 
transverse zone (Fig. 5^0. The former probably completely blocks sig­
nal exchange, whereas the latter allows for some exchange to occur, 
resulting in the loss of less segmental instructions. This would ex­
plain the larger segment gap with bipartite development as compared 
with "lip at the belly'^larvae. 
In unipartite egg fragments (Fig. 5C) "the presence of an extrablas-
todermal yolk mass is assumed to be the crucial difference with the 
preceding two cases (Fig. 5a, b), as outlined in a previous section. 
Evidently the transverse zone can block signals more effectively than 
the transverse barrier which exists in unipartite blastoderms, al­
though in the latter the barrier consists of at least two oolemmata 
(Fig. 1c). 
In Drosophila, after puncturing the barrier between the two egg 
fragments, the usual segment gap failed to form (Schubiger et al., 
1977). However, after early temporary constriction only, the usual 
gap appeared after alternative development too. We conclude that con­
ditions existing in the constriction region of Gallosobruchus eggs 
and resulting in segment number increase do not exist in temporarily 
constricted Drosophila eggs. 
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Different conditions in the constriction region in bipartite (a) 
and unipartite (c) egg fragments and in eggs with a transverse 
zone (b), and hypothetical inhibitor profiles ( ) assumed to 
belong to each condition. Abcissa: constriction level in percent­
age of egg length (posterior pole: O^E.L.), ordinate: inhibitor 
concentration. Normal inhibitor profile indicated by a dashed 
line. 
Abbreviations: ch: chorion, eby: decaying extrablastodermal yolk 
mass ("[•), p: periplasm or, later in development, blastoderm, 
pf: perivitelline fluid, tz: transverse zone, tdl: transverse 
double layer of periplasm or, later in development, blastoderm 
cells, v: vitelline membrane, y: yolk endoplasm. 
Explanation: see text and legend to Pig. 4· 
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The possible role of membrane specializations 
Membrane specializations develop soon after deconstrietion upon con­
tact of the oolemmata of the anterior and posterior egg fragments 
(Pig. 1c and unpublished observations). It was suggested that these 
specializations may function as communicative junctions even after one 
of the fragments has died. The latter situation might result in a more 
or less controlled leakage of ions and small molecules (e.g. an inhi­
bitor molecule) or in the entrance of an inactivator from the decaying 
yolk mass. Physical contact between the unipartite blastoderm and the 
yolk mass seems to be a prerequisite for membrane specializations to 
develop between them. Their proposed function, however, seems unlikely 
for the following reasons. First, increased segment numbers also oc­
curred in unipartite blastoderms without yolk contact. It is of course 
true that visually (dissecting microscope) established absence of yolk 
contact does not exclude contact between the unipartite blastoderm and 
membraneous debris originating from the yolk mass, with subsequent 
formation of membrane specializations. But in the literature there are 
no indications that support this possibility. Second, membrane specia­
lizations were observed between the two members of a bipartite blasto­
derm, and third, also in unipartite blastoderms after constriction 
started at stage SBy (Fig. 1c). In the two latter cases the presence 
of membrane specializations was not attended by an increase in segment 
numbers or from stage SBy onwards by a high yield of polarity reversal 
(Van der М ег, 1978c). The third argument is not conclusive because 
previously assumed changes in inhibitor distribution during stage SBy 
might, in the presence of membrane specializations, also prevent seg­
ment number increase. The second argument suggests that in bipartite 
development inhibitor cannot be transported across the membrane speci­
alizations in particular, nor across the oolemmata or the outer blas-
toderraal cell membranes in general. It is concluded that if inhibitor 
decrease would occur by leakage, this is unlikely to take place exclu­
sively via the membrane specializations. 
The absence of increased segment numbers in bipartite development 
calls attention to the role of the physiological state of the comple­
mentary egg fragment. The induction of increased segment numbers by 
one or more substances originating from the decaying extrablastodermal 
yolk mass is attractive, because in Smittia introduction of RNase into 
the anterior egg pole can also induce polarity reversal (Kandle]>-Sin-
ger and Kalthoff, 1976). Moreover, the RNase content of embryos is 
usually high and it is likely to be released along with other enzymes 
from the decaying yolk mass. In spite of its molecular weight of about 
13.000 daltons, it seems to be possible that this and other enzymes 
pass the oolemma (Ledoux et al., 1954» Brächet and Ledoux, 1955» Clay-
ton and Romanovsky, 1959; Vainio et al., I960). On the other hand the 
possibility cannot be excluded that an inhibitor-inactivating influen-
ce is mediated by changes in oolemma structure and function. 
Developmental arrest 
This section will be devoted to a discussion of developmental arrest 
due to absence of cuticle deposition in stage L. The causes of arrest 
in earlier stages are largely unknown. One might attribute them to ge-
neral mechanical impacts of constriction on nuclear migration, blasto-
dem formation and morphogenetic movements. 
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Deposition of a cuticle in the embryo might be controlled by hor-
mones produced in the brain, which is fully differentiated by the time 
of hatching. If hormone production and release would occur, one would 
expect to find absence of cuticuiarization in posterior partial em-
bryos only and then in all cases. However, this was not observed and 
therefore embryonic cuticle deposition in Callosobruchus is independ-
ent of the brain hormones. It is known that many other insects undergo 
one or two moults towards the end of embryonic development. However, 
in contrast to post-embryonic moulting, embryonic moults and cuticle 
deposition appear to be independent of the neuro-endocrine system, al-
though the latter is completely differentiated by the time the embryo-
nic moults occur (Haget, 1953; Doane, 1973)· 
If absence of synthesis and/or deposition of a cuticle would be due 
to an aspecific inhibitory effect of constriction, one would expect 
absence of cuticularization only in the segments bordering the con-
striction region. However, no significant differences between cuticu-
lar and embryonic segment numbers were observed with permanent con-
striction (Van der Meer and Miyamoto, 1978). Therefore, if any inhibi-
tory effect of constriction upon cuticularization exists it apparently 
affects either all segments or none of them. Thus the reason for the 
absence of cuticle formation in some experiments remains unknown. 
Inhibition of cuticularization raises the question whether the num-
bers of some abnormal types of segment pattern found might have been 
selectively affected. Because e.g. double abdomens or "lip at the 
belly"-larvae cannot be recognized by in vivo observation in stages 
prior to the segmented caudal plate, no percentages of developmental 
arrest for either type of pattern abnormality could be determined. 
Although histological analysis would have revealed some abnormal types 
of embryo, one would never know whether they would have formed a cu-
ticle. 
For permanent constrictions the effect can be neglected because on-
ly the total number of partial larvae would be affected, not the seg^ 
ment numbers (Van der Meer and Miyamoto, 1978: Table 2). With tempora-
ry constriction selective enhancement of certain types of abnormal 
pattern might occur. For instance, the observed ratio of 90% double 
abdomens to 10% other pattern abnormalities in the hatching larva 
stage (Van der Meer, 1978c) may in theory at least, result from a re-
verse ratio of 10 to 90 at stage CB, due to a relatively higher death 
rate of the other pattern abnormalities. In actual fact, however, the 
risk of developmental arrest may be larger in future double abdomens 
than in future partial larvae, since polarity reversal is a much more 
complex process. Thus, the actual yields may be under- rather than 
overestimates. The relative frequencies within anyone type of abnorma-
lity, e.g. those of unilateral and bilateral double abdomens, would be 
expected to remain unchanged because both types are likely to be about 
equally affected by a higher death rate. 
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SUMMARY 
Temporary constriction of pea-beetle eggs can induce partial reversal 
of larval segment order. In unipartite posterior blastoderms two types 
of "double abdomens" are produced. They differ with respect to pattern 
expression around the (transverse) circumference of the larval body: 
in one type both body sides are affected, in the other only the left 
or the right half. The effect of level, stage and duration of constric-
tion on double abdomen production was studied. Double abdomen frequen-
cy did not differ among stages prior to the nuclear migration stage 
with 16 to 32 nuclei; from this steige onwards it fell to almost zero 
with constrictions applied in blastoderm stages. Polarity reversal was 
maximum (93$) with constriction slightly anterior to the egg equator 
during stages with 2 to 4 nuclei. Prior to the 16 to 32 nuclei stage, 
unilateral double abdomens were on the average formed in slightly lar-
ger egg fragments than bilateral ones. 
Analysis of cuticular details showed independence of the above va-
riables and the position of the transverse plane of mirror image sym-
metry in double abdomens. Anteroposterior shifts of the symmetry plane 
over a distance of several segments occurred mostly along the medial 
plane of the larva. This and the cases of unilateral polarity reversal 
are interpreted to indicate polarized transport of segmental instruct-
ions in the unipartite posterior blastoderm. The results are compati-
ble with the lateral inhibition model for segment pattern formation in 
insects, provided segment-instructing signals are not freely diffusi-
ble and their spatial distribution is altered by temporary constrict-
ion. 
INTRODUCTICN 
For the study of egg polarity and region-specific cell differentiation 
the pattern of larval segments of insects is a very suitable model 
system. A basic assumption in this type of study is that spatial (an-
teroposterior) segment order is a late expression of an underlying 
asymmetry or polarity in the egg, which becomes established during 
oogenesis or very early embryogenesis (see Sander, 1976). Although in 
most cases this egg polarity can also be recognized in the egg shape 
or in the region-specific chemical characteristics of the ooplasm 
(Nünemann and Moser, 1970; Schneider, 1974} Graziosi and Roberts, 
1975)» only segment-specific cuticular markers can at the same time 
provide sufficiently detailed and easily accessible information con-
cerning the effect of experimental intervention on egg polarity. 
An absolute requirement for the study of region-specific cell dif-
ferentiation is the availability of predictable amounts of clearly de-
fined pattern abnormalities under controlled experimental conditions. 
Clearly defined pattern abnormalities have been achieved either by ex-
perimental or by genetic means. Homeotic mutants affecting larval seg-
mentation might either influence the specification or the interpreta-
tion of positional information by the blastoderm cells. The bicaudal 
mutant in Drosophila (Bull, 1966; Nüsslein, 1977) and the B-mutants in 
Bombyx (Tazima,I964) are thought to be specification and misinterpre-
tation mutants, respectively (Sander, 1975t 1976). However, even in 
the relatively well-investigated bicaudal mutant the variable pene-
trance (Nüsslein, 1977) is a serious disadvantage for the investiga-
- tion of segment-specifying processes at the molecular level in early 
125-
developmental stages. A solution of this "sampling problem" (Wright, 
197O) by linking an allele for e.g. egg shape or yolk pigment to the 
bicaudal allele has not yet been attempted. Neither is it possible to 
control the "genetic experiment" performed by the bicaudal mutant to 
such an extent as is desired for a reproducibly high yield of the 
double abdomen phenotype (Nüsslein, 1977)· Moreover, the steps leading 
from temporary constriction to polarity reversal might be better ac-
cessible to experimental manipulation than the deviant steps introdu-
ced into the segment patterning mechanism by mutation. 
Several different kinds of experimental intervention have also re-
sulted in double abdomen formation in dipterans and coleopterans. In 
Euscells anterior translocation of posterior pole material produced 
partial segment patterns with reversed segment order (Sander, 19б1а
т
 b, 
1962). Centrifugation and ultraviolet irradiation of eggs of Smittia 
(Kalthoff et al., 1977) and Chironomus (Yajima, I960, I964; Gauss and 
Sander, 1966; Overton and Raab, 19^7) produced double abdomens, and in 
the latter species double cephalons as well. In Smittia double abdo­
mens have also been induced by puncturing (Schmidt et al., 1975) and 
by introducing RNase (Kandler-Smger and Kalthoff, 1976) into the an­
terior egg pole. Temporary constriction m the anterior egg region of 
Callosobruchus (Van der Meer, 1978b) as well as of Bruchidius and Lep-
tmotarsa (Van der Meer, unpublished) also resulted in polarity rever­
sal. So far, however, it has been only in Smittia that ultraviolet ir­
radiation at wavelengths of 265 and 285 run (the absorption maxima for 
ribonucleic acids and proteins) has induced such a specific effect as 
to allow conclusions about the mechanism of segment pattern formation 
at the molecular level (Kalthoff et al., 1975; Kalthoff, 1976; Kand-
ler-Singer and Kalthoff, 1976; Kalthoff et al., 1977; Jackie and Kalt­
hoff, 1977)· However, the poor cuticular detail of Smittia larvae may, 
in some stage of the investigations, become a limiting factor for the 
interpretation of the relevance of molecular parameters to the morpho­
logical segment pattern, except of course in the clearly recognizable 
double abdomen type of pattern. According to Kalthoff (personal commu­
nication), no type except this is observed in Smittia. 
Fortunately, the first instar larva of Callosobruchus possesses 
abundant cuticular detail (Van der Meer, 1978a), which allows a very 
precise analysis of polarity reversal. However, the requirement of a 
reproducibly high yield of double abdomens remains. We therefore va­
ried several experimental conditions, such as level, stage and dura­
tion of the constriction, which could be expected to have an effect on 
the yield of double abdomens. 
In addition we performed an analysis of the cuticular details of 
double abdomens m order to elucidate the formal characteristics of 
the mechanism of polarity reversal and thus of the way in which meta­
merie order is established in normal development. 
MATERIALS AND METHODS 
The methods for rearing adult beetles (Callosobruchus maculatus Fabr.) 
and for obtaining and handling staged eggs have been described by Van 
der Meer (1978a). Details of the procedures for temporary complete and 
incomplete constriction were given by Van der Meer (1978b, a). Whole 
mounts of first instar larvae were prepared according to the first me­
thod described by Van der Meer (1977)· 
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The developmental stages at which constrictions were applied are: 
Ш п (nuclear migration stage, with η indicating the number of nuclei), 
SBjr (syncytial blastoderm young; nuclei have just arrived in peri­
plasm, radial cell membranes not yet formed, protruding pole cells), 
SBo (syncytial blastoderm old: radial cell membranes cut deeply into 
periplasm, pole cells less prominent), and CB (cellular blastoderm: 
basal cell membranes formed, pole cells invaginated). Stages of con­
st riet i on/dec onst riet i on are indicated in that order. All constriction 
levels are indicated by the class centres of 5% intervals of Egg 
Length, because the measuring error is - 2.5$ E.L. (for instance: 2.5$ 
E.L. means 0-4$ E.L., etc.; Van der Meer and Miyamoto, 1978). 
The in vivo observations reported in this study originate from 863 
eggs constricted between 50 and 80$ E.L. during stages NM2/NM16-32 and 
individually observed at critical stages of development with a Zeiss 
dissection microscope. Double abdomens were analysed with a Wild phase 
contrast microscope and the presence or absence of cuticular markers 
was scored on standard protocols (cf. Pig. 5)· 
To provide a basis for description and quantitative analysis of the 
cuticular segment pattern, a two-dimensional coordinate system was 
projected on the larval surface (Fig. 1). 
The data presented in this study partially originate from experi­
ments made previously to study the segment gap phenomenon in partial 
larvae without polarity reversal (Van der Meer, 1978b, с). Later ad­
ditional experiments were carried out to supplement these data. 
Throughout this study overall egg polarity is assumed to be adequa­
tely reflected by the spatial order of larval segments. 
FiäU. 
Diagrammatic representation of cut icular markers of a f i r s t i n s t a r 
larva of Callosobruchus maculatus with two-dimensional coordinate 
system projected on the surface. Transverse l ines are segment bor-
ders and longitudinal ( a rb i t r a r i ly numbered) l ines were a r b i t r a r i -
ly drawn between longitudinal rows of cut icular markers which are 
connected by broken l i n e s . A ventrola tera l quarter panel has been 
flapped out to show the ventral markers. The abbreviations for the 
marker rows are shown in an a r t i f i c i a l "segment" anter ior to seg-
ment A1 : MR: dorsomedian row, DLR: dorsolateral row, L: l a t e r a l 
row, St : stigmatal row, VLR: ventrola teral row, VMR: ventromedian 
row; "r" or " I " indicates right or l e f t . In th i s way each marker 
can be identif ied by i t s two coordinates (e .g . DLRI.A3) without 
reference to the original whole mount. Segment-specific differen-
ces were described by Van der Meer (1978a). Other abbreviations: 
A: abdominal segments indicated by t he i r se r ia l numbers, Ant: an-
tenna, Csh: cephalic shield, D: dorsal , L: leg, Lb: labium, Lbr: 
labrum, Md: mandíbula, Mx: f i r s t maxilla, Sp: Al spine, Τ: thora­
cic segments indicated by t h e i r s e r i a l numbers, V: v e n t r a l . 
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RESULTS 
Two types of p o l a r i t y r e v e r s a l r e s u l t e d from complete temporary con­
s t r i c t i o n , v i z . u n i l a t e r a l double abdomens (U.D.A. ' s) and b i l a t e r a l 
double abdomens ( B . D . A . ' s ) . In t h e B.D.A. c e p h a l i c and ( p a r t of) t h o ­
r a c i c segments are e n t i r e l y a b s e n t . I n s t e a d a supernumerary abdomen i s 
formed, which d i s p l a y s m i r r o r image symmetry with r e s p e c t t o t h e lon­
g i t u d i n a l c u t i c u l a r p a t t e r n of t h e o r i g i n a l abdomen. The two abdomens 
are s e p a r a t e d by an imaginary l i n e in t h e c u t i c l e which i n d i c a t e s t h e 
plane of symmetry ( F i g . 4 ) · I n t h e U.D.A. p o l a r i t y r e v e r s a l i s r e ­
s t r i c t e d t o t h e l e f t or t h e r i g h t s i d e of t h e l a r v a l c u t i c l e , while 
t h e c o n t r a l a t e r a l h a l f shows the o r i g i n a l c e p h a l i c , t h o r a c i c and ab­
dominal segment p a t t e r n . The u n i l a t e r a l supernumerary abdomen i s s i ­
t u a t e d adjacent t o t h e normal c e p h a l i c and t h o r a c i c p a r t s , with i t s 
segment order and segment-speci f ic markers p o i n t i n g in t h e opposi te 
d i r e c t i o n ( F i g . 8 ) . This suggests t h a t t h o r a c i c and c e p h a l i c segments 
have been r e p l a c e d by or changed i n t o abdominal segments a t one or 
both s i d e s of t h e body. 
I . EXPERIMENTAL СШШТІШЗ RESULTING IN POLARITY REVERSAL 
I n vivo observat ions 
Among 863 i n d i v i d u a l l y observed eggs, p o l a r i t y r e v e r s a l was found ex­
c l u s i v e l y in la rvae developing from u n i p a r t i t e p o s t e r i o r b las toderms. 
Such blastoderms develop e i t h e r a f t e r e a r l y c o n s t r i c t i o n s l i g h t l y an­
t e r i o r t o t h e p o s i t i o n of t h e n u c l e i , or a f t e r l a t e r c o n s t r i c t i o n 
when n u c l e i have populated both egg reg ions and t h e a n t e r i o r fragment 
has degenerated f o r some reason. In both s i t u a t i o n s a s o - c a l l e d e x t r a -
b las todermal yolk mass p e r s i s t s a n t e r i o r t o t h e u n i p a r t i t e p o s t e r i o r 
b las toderm. This yolk mass darkens soon a f t e r d e c o n s t r i e t i o n , .which 
i n d i c a t e s t h a t i t has s t a r t e d t o degenerate (Van der Meer, 1978c: F i g . 
l ) . In most exper iments , a f t e r reaching t h e blastoderm s tage t h e em­
bryos were ass igned t o one of t h e fol lowing c l a s s e s : b i p a r t i t e b l a s t o ­
derm, u n i p a r t i t e p o s t e r i o r or a n t e r i o r blastoderm (with or without 
p h y s i c a l contact with t h e remaining yolk mass), and r e - f u s i o n of a n t e ­
r i o r and p o s t e r i o r ooplasm (Van der Meer, 1978b). 
Because p o l a r i t y r e v e r s a l was never observed with permanent con­
s t r i c t i o n , we must assume t h a t d e c o n s t r i e t i o n i s somehow c r u c i a l . To 
t e s t t h e ques t ion whether t h e g r e a t e r mechanical d i s t u r b a n c e caused 
by temporary c o n s t r i c t i o n would in i t s e l f be s u f f i c i e n t t o produce 
p o l a r i t y r e v e r s a l , 128 eggs were sub jected t o incomplete temporary 
c o n s t r i c t i o n between 60 and 85$ E.L. dur ing s tages NM2/NM16-32, l e a ­
v ing a cytoplasmic connection of maximally 50 Ип wide (compare Van 
d e r Meer, 1978a). I n t h i s experiment t h e extent of mechanical e f f e c t s , 
such as ooplasmic displacement and deformation of t h e egg, i s compar­
able t o t h a t in complete temporary c o n s t r i c t i o n s . An important d i f f e r ­
ence i s t h a t ooplasmic c o n t i n u i t y i s not completely i n t e r r u p t e d . This 
r e s u l t s in a quick re-es tab l i shment of normal egg shape, and i n a l l 
c o n s t r i c t e d eggs a c e l l u l a r blastoderm of normal appearance was form­
ed a f t e r d e c o n s t r i e t i o n . Among t h e 102 analysable l a rvae r e s u l t i n g 
from t h i s experiment, not a s i n g l e case of p o l a r i t y r e v e r s a l was ob­
served, even at c o n s t r i c t i o n l e v e l s where t h e y i e l d was cons iderab le 
with complete temporary c o n s t r i c t i o n (Table 1 ) . I t i s concluded t h a t 
s t r u c t u r a l s e p a r a t i o n of t h e p o s t e r i o r blastoderm i s a necessary con­
d i t i o n for p o l a r i t y r e v e r s a l . 
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Table 1. Types of larva resulting from incomplete 
temporary constriction during stages NM2/NM16-32, 
% 
E.L. 
Incomplete temporary constriction 
Normal Partial larvae 
larvae ANT. POST. S ^ S 
n % n % n % n % 
Complete 
temporary constriction 
B.D.A. U.D.A. 
η % η % 
62.5 
67.5 
72.5 
77.5 
82.5 
8 
43 
40 
4 
1 
8 
42 
39 
4 
1 
2 ^ 2 
2 ^ 2 
1 1 
20 
17 
10 
6 
2 
53 
53 
25 
14 
5 
5 
10 
10 
8 
3 
13 
31 
25 
19 
7 
Tot. 96 94 1 1 55 28 36 19 
Explanation: see text. Percentages of types of larva are expressed 
as fractions of the total number of analysable larvae. 1) Absence 
of terminal segments is probably due to abnormal germ band extension 
and not primarily to constriction, because all 128 constricted eggs 
showed a blastoderm continuous all around the yolk, with no extra-
blastodermal yolk mass. These were called "remote constriction ef­
fects" by Van der Meer (1978a). Blank spaces: no partial larvae 
were found in these categories. For comparison percentages of 
B.D.A. 's and U.D.A.'s obtained with complete temporary constriction 
during stages NM2/NM16-32 are added. Abbreviations: Ant. anterior, 
n: number of analysable larvae, Post, posterior, % E.L,.: constric­
tion level, S ^ S : "lip at the belly"-larva, consisting of two 
physically united series of segments (S) with some segments lacking 
in between (Van der Meer, 1978b) . 
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Physical contact between the extrahlastodermal yolk mass and the 
unipartite posterior blastoderm might create conditions necessary for 
polarity reversal, e.g. by changing membrane structure and function in 
the anterior part of the posterior egg fragment. Of 789 double abdo-
mens only 3·8^ had shown no such physical contact to the yolk mass, as 
assessed in the dissection microscope. The increase in segment numbers 
in unipartite anterior and posterior larvae observed after temporary 
as against permanent constriction did not occur after temporary con-
striction when both fragments continued to develop (Van der Meer, 
1978c). Neither did it depend on physical contact with the extrablas-
todermal yolk mass, although this does not exclude a possible role of 
the yolk mass in the increase of segment numbers (ibidem). Because 
this increase was interpreted in terms of the same mechanism which can 
also describe polarity reversal (cf. Pig. 10c, d, e), it would be in-
teresting to know whether polarity reversal would be absent in poster-
ior partial blastoderms in the presence of an anterior partial blasto-
derm. Unfortunately, for obvious reasons bipartite development is very 
infrequent after early constriction, whereas by stage SBy, when it be-
comes frequent, the frequency of polarity reversal drastically decrea-
ses (Pig. 2). Moreover, at near-equatorial constriction levels, which 
allow bipartite development, the yield of double abdomens is very low 
(Pig. 3)· It was therefore impossible to establish whether the presen-
ce of a unipartite anterior blastoderm inhibits polarity reversal in 
its posterior counterpart. However, the high yields of polarity rever-
sal at constriction levels where bipartite development is absent, may 
in itself be significant. 
B.D.Ä. + U.D.Ä ( 7 . ) 
NM2 
eo 
NM16-32 SBy Stage of constriction 
( 
6 hr 304 /707oRH 
L J U.D.A. 
Ü BOA 
*— (O 
Stage of 
removal 
2 3 1. 6 3 4 5 6 t 6 12 13 13 hr 304/70 7. RH 
Fig. 2 
General dependence of polarity reversal on stage and duration of 
constriction. Cumulative percentages of polarity reversal on "both 
sides (B.D.A.: bilateral double abdomen) and confined to one side 
(U.D.A.: unilateral double abdomen) were calculated as fractions 
of the total number (n) of analysable partial larvae obtained in 
the range of constriction levels which yield double abdomens 
(50-85^ E.L.). The duration of a temporary constriction appears 
from the difference between the absolute times for the stages of 
constriction and removal, respectively (hr 300θ/70/ζ R.H.). 
Stage abbreviations see: Materials and Methods; R.H.: relative 
humidity (fo). 
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Dependence of p o l a r i t y r e v e r s a l on t h e s t a g e , d u r a t i o n ада, l e v e l of 
c o n s t r i c t i o n 
The general dependence of p o l a r i t y r e v e r s a l on s tage and d u r a t i o n of 
c o n s t r i c t i o n i s shown in P i g . 2. Temporary c o n s t r i c t i o n s dur ing s tages 
SBy/SBy through SBy/SBo were not c a r r i e d out because of t h e low y i e l d 
of double abdomens dur ing s t a g e s SBy/CB. P r i o r t o s tage Шіб-32 the 
number of double abdomens i s n e a r l y i n v a r i a n t with s t a g e . In t h i s pe­
r i o d of development t h e d u r a t i o n of c o n s t r i c t i o n s l i g h t l y inf luences 
t h e frequency of p o l a r i t y r e v e r s a l , which shows a maximum a f t e r one 
hour ( s t a g e s Ш2/Ш4-8 and NM4-S/NM 16-32). With c o n s t r i c t i o n from s t a ­
ge NM16-32 onwards, t h e double abdomen frecruency d i s t i n c t l y decreases 
towards a very low l e v e l dur ing s t a g e s SBy/CB ( t h e l a t e s t t e s t e d ) . 
Here only a random inf luence of t h e d u r a t i o n of c o n s t r i c t i o n i s seen. 
I t i s concluded t h a t c o n s t r i c t i o n of about one hour dur ing e a r l y nu­
c l e a r migrat ion c r e a t e s t h e most favourable c o n d i t i o n s for p o l a r i t y 
r e v e r s a l . 
The p e r c e n t u a l d i s t r i b u t i o n of U.D.A. 's and B.D.A.'s over c o n s t r i c ­
t i o n l e v e l s a p p l i e d in success ive s tages and for d i f f e r e n t dura t ions 
i s shown in F i g . 3· In a l l developmental per iods t h e r e i s an optimum 
c o n s t r i c t i o n l e v e l y i e l d i n g a maximum t o t a l frequency, t h e maxima for 
U.D.A. 's and B.D.A.'s s e p a r a t e l y l y i n g at d i f f e r e n t c o n s t r i c t i o n l e ­
v e l s . An absolute maximum of 93$ p o l a r i t y r e v e r s a l i s reached at 62.5$ 
E.L. dur ing s t a g e s NM2/NM4-8. 
To t e s t for s t a t i s t i c a l s i g n i f i c a n c e of the d i f f e r e n c e s between t h e 
c o n s t r i c t i o n l e v e l s Хщ (U.D.A.) and x
m
 (B.D.A.) which give maximum 
p r o b a b i l i t i e s of U.D.A. ' s [ Ρ {χ
υ D A )] and B.D.A.'s [ P ( x B D A )] 
r e s p e c t i v e l y , Xjj, was e s t i m a t e d . S t a t i s t i c a l a n a l y s i s showed t h a t a 
c lose f i t t o the frequency d a t a of double abdomens as depending on 
c o n s t r i c t i o n l e v e l i s obta ined by: 
et R 
P(x) = A.x (100 - x ) p , 0 < χ < 100, α and g > 0 or (l) 
In P(x) = l n A + a l n x + 3 ln(100- x ) . 
This has a maximum at : 
d in P(x) _ α 3 
dx χ 1-x 
r e s u l t i n g i n : 
α 
χ = 
m α + 3 (2) 
S u b s t i t u t i o n of (2) in ( l ) y i e l d s : 
100 - χ 
In P(x) = In A + α { In χ + — · In (100 - x) } (3) 
m 
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вод + иод m 
IO 
ВОД + иОД (7ol 
475 575 675 775 В75 
525 Б25 725 825 
475 575 675 775 675 
525 625 725 625 
475 575 675 775 675 
525 625 725 625 
Constriction level ( 7 . E L ' 
Dependence of polarity reversal in unilateral (U.D.A.) and bilateral 
(B.D.A.) double abdomens on constriction level, broken down accord­
ing to stage and duration of constriction. 
Percentages of U.D.A.'s and B.D.A.'s were calculated as in Fig. 2. 
Stage abbreviations: see Materials and Methods. 
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Рог any experiment the following quantities are known: 
(a) the constriction levels: 
x ^ i = 1» » k 
(b) the number of analysable larvae at level x.: 
^ , i = 1, , к 
(c) the number of B.D.A.'s and U.D.A.'s, respectively: 
п., i = 1, , к and 
(d) their frequencies: 
P. = η . /Ν. , i = 1, , к 
ι ι' ι ' 
The unknown parameters of model funct ion ( З ) , v i z . In Α, α and x
m
 were 
e s t imated with t h e method of weighted l e a s t squares , u s i n g t h e known 
q u a n t i t i e s Xi, Ni and P^ ( i = 1, , k ) . The e s t i m a t e s 5^ and SE 
(Xm) for Tfa and i t s s t a n d a r d e r r o r SE (x
m
) are p r e s e n t e d i n Table 2. 
I t should be n o t e d t h a t for each c o n s t r i c t i o n s tage t h e e s t i m a t e s x
m 
(U.D.A.) and x
m
 (B.D.A.) are s t a t i s t i c a l l y r e l a t e d because t h e y o r i ­
g i n a t e from t h e same d a t a . Therefore a t e s t for s t a t i s t i c a l s i g n i f i ­
cance was not c a r r i e d o u t . The c o n s i s t e n t t r e n d i s for U.D.A. 's t o be 
formed in s l i g h t l y l a r g e r egg fragments (average 72$ E . L . ) than 
B.D.A.'s (average 6 4 $ E . L . ) , at l e a s t with c o n s t r i c t i o n s appl ied i n 
s t a g e s Ш2 and Ш 4 - 8 . The d i f f e r e n c e s range from 3 t o 13$ E.L. and 
are no longer observed with c o n s t r i c t i o n s from s tage Ш і б - 3 2 onwards. 
No c o n s i s t e n t d i f f e r e n c e s i n fragment s i z e producing maximum frequen­
c i e s of B.D.A.'s and U.D.A. 's are observed among success ive s tages of 
c o n s t r i c t i o n and d e c o n s t r i e t i o n . 
I I . ANALYSIS OP SEGMENT PATTERNS WITH REVERSED POLARITY 
I n t h i s s e c t i o n we w i l l i n v e s t i g a t e ( l ) whether t h e p o s i t i o n of t h e 
plane of m i r r o r image symmetry in double abdomens v a r i e s with con­
s t r i c t i o n a t d i f f e r e n t s t a g e s and l e v e l s , and (2) which circumferen­
t i a l p o r t i o n s of t h e l a r v a l c u t i c l e are involved in p o l a r i t y r e v e r s a l . 
However, some pre l iminary remarks should f i r s t be made about t h e 
r e g u l a r absence of c o n s i d e r a b l e numbers of t h e most p o s t e r i o r segments 
in supernumerary abdomens. This absence may r e s u l t from a d i s t u r b e d 
ex tens ion of t h e germ-band along t h e d o r s a l egg s u r f a c e , because t h e 
a v a i l a b l e egg space cannot accommodate two extending germ-bands. This 
r e s u l t s in ex tens ive f lexure of t h e embryo (Van der Meer, unpublished 
i n vivo o b s e r v a t i o n s ) . Crowded and malformed segments were observed 
in both the supernumerary and, r a r e l y , in t h e o r i g i n a l caudal p l a t e 
(unpublished h i s t o l o g i c a l observa t ions) and i r r e g u l a r c u t i c u l a r p a t ­
t e r n s were f r e q u e n t l y found in segments of supernumerary abdomens. 
Table 2. Estimated egg fragment sizes which produce 
a maximum yield of unilateral and bilateral 
double abdomens. 
Stage of 
con- re- B.D.A. U.D.A. 
striction moval 
S.E.(x ) χ S.E.(x ) 
m m m 
NM2 64.5+1.6 1) 
NM4-8 58.6 + 8.0 71.8 + 1.4 
NM16-32 62.2 + 3.8 71.0 + 1.1 
SBy 64.9+1.1 72.4+3.3 
NM2 
NM4-8 66.9+1.1 69.4+1.0 
NM16-32 66.0 + 2.9 69.4 + 2.2 
MM4_8 
NM64-128 65.6 + 2.2 76.3 + 4.0 
SBy 66.6+2.9 73.2+2.3 
NM16-32 67.5 + 2.3 66.2 + 1.4 
NM16-32 
SBy 68.0 + 1.4 68.3 + 1.1 
1) The model function could not be fitted to the data 
and the data from Fig. 3 do not indicate a distinct 
maximum. 
Constriction levels (in % E.L.) were estimated as out­
lined in the text. The number of data involved in esti­
mating the constriction levels are not indicated be­
cause these levels were not calculated from data 
grouped into class centres but estimated with a model 
function. The numbers of double abdomens in the con­
striction intervals in which the estimates fall can be 
inferred from Fig. 3. Double abdomens from constriction 
applied in stage SBy were too scarce to permit a reli­
able fit of the model function to the actual data. Stage 
abbreviations:see Materials and Methods, χ : estimate 
III 
of constriction level at which a maximum number of bi­
lateral (B.D.A.) or unilateral (U.D.A.) double abdomens 
was obtained, with its estimated standard error: 
S.E.(x ). 
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Table 3 shows the average number of segments actually found in the 
supernumerary abdomens of U.D.A.'s and B.D.A.'s, expressed as a per-
centual fraction of the average total number of segments which would 
have been present in a complete supernumerary abdomen. The maximum 
percentage of actually duplicated segments varies considerably and 
shows no relation with the level, stage and duration of constriction. 
When corresponding situations of constriction are compared, consist­
ently more segments are absent in U.D.A.'s than in B.D.A.'s. If data 
of deconstrietion stages are pooled per constriction stage, this dif­
ference is roughly 25%. 
In Table 4 the effect of aberrant caudal plate extension on the 
numbers of actually duplicated segments is neglected, because we as­
sume that it is not due to non-specification of the most posterior 
segments (see discussion). Therefore, in Table 4 the number of seg­
ments of the original abdomen is considered representative for the 
number of duplicated segments. 
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Variation in the location of the plane of mirror image symmetry 
It is frequently оЪзег еа. that a symmetry plane in a particular double 
abdomen extends longitudinally over a distance of one or more segments 
(Pigs. 4, 5). That is markers which are absent in one particular lon­
gitudinal band are present in an adjacent band in the corresponding 
segments (compare Pig. 1). The shifts will be analysed below, but for 
the present purpose of comparison average positions of symmetry planes 
were calculated by assuming the number of segments in the original ab­
domen to indicate the location of the symmetry plane (see legend to 
Table 4). The data in Table 4 show that no consistent differences in 
mean numbers of duplicated segments exist among the different stages 
and durations of constriction, both for U.D.A.'s and B.D.A.'s. How­
ever, when the data are pooled per constriction level, it appears that 
the symmetry plane in B.D.A.'s shifts anteriorly with more anteriorly 
located constriction levels, particularly between 67.5 and 72.5$ E.L., 
where the mean segment numbers of the non-inverted abdomen differ sig­
nificantly at the 5$ level (Table 4). No such trend is observed in 
U.D.A.'s. The mean numbers of duplicated segments calculated from the 
data pooled within constriction stages (Tot. 2) showed significantly 
higher numbers in U.D.A.'s ( >10 segments) than in B.D.A.'s (9 seg^ 
ments) at the 5$ level. 
The variation in the position of the symmetry plane in terms of the 
segments left in the original abdomen in U.D.A.'s and B.D.A.'s is 
shown in Pig. 6. In B.D.A.'s the symmetry plane leaves about equally 
frequent 8, 9» Ю or 11 segments in the original abdomen, whereas in 
U.D.A.'s this is 11 segments. 
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S.: О Sp/p lb) Sp/plo Sp/P'el Sp/plJI 
The coordinate system projected on the larval cuticular surface in 
Fig. 1 is flattened out to show different types of symmetry planes 
(Sp/p) between the original and supernumerary abdomen in double ab­
domens. The right half of the normal cuticular pattern is shown in 
the upper half of part A, whereas in the lower half and in part В 
five types of symmetry plane are shown. For convenience the symme­
try planes Sp/p (a) and (b) in part A are represented with their 
left half only, but they can be envisaged as extending into the 
right half to obtain the symmetry planes as observed in bilateral 
double abdomens (B.D.A.'s). Grey areas each indicate one particu­
lar type of symmetry plane surrounded by only that part of the seg­
ment pattern which is relevant to its description. Blank spaces be­
tween them were not filled to separate these types clearly. Other 
blank spaces: in the normal pattern not all longitudinal bands con­
tain cuticular markers in each segment. For instance, the cephalic 
segments are identified in VMR only (part A, upper half). In the 
duplicated patterns of Sp/p (c) and (d) absence of (parts of) seg­
ments is indicated by a minus-sign. Sp/p (a) shows a straight sym­
metry plane, whereas Sp/p (b, e) exemplify longitudinal shifts in 
Sp/p over a distance of one or more segments. Sp/p (c, d) show sym­
metry planes which encompass a part of the larval circumference 
smaller than one half. In (c) this restriction is not certain be­
cause the absence of segments anterior to T3 could mask a possible 
anterior shift. The restriction of Sp/p (d) is certain because the 
duplicated longitudinal band is bordered by three segments of the 
non-duplicated pattern on either side and a shift of Sp/p (d) over 
three segments so as to occupy the complete left half is very un­
likely (see Pig. 7)· 
Abbreviations of segments and coordinate system: see Pig. 1. 
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NUMBER OF DOUBLE ABDOMENS 
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Number of segments 
Fig. 6 
Variation in the position of the symmetry plane as indicated by the 
number of segments present in original abdomen of U.D.A.'s andB.D.A.'s. 
n: total number of U.D.A.'s and B.D.A.'s, respectively. Segments bor­
dering the plane of mirror image symmetry indicated in parentheses. 
Analysis of longitudinal shifts in the plane of mirror image symmetry 
So-called "spatial" (Fig. 4a) and "formal" (Fig. 4b) shifts were ob­
served. In Fig. 4b the shift is reflected by the number of segments 
defining the position of the symmetry plane, but does not shift in 
space. The two types of segmental organization around the symmetry 
plane may reflect two different modes of segment specification (see 
discussion). Alternatively, the two types may originate from the same 
shift of segmental instructions occurring in one egg half relative to 
the contralateral half. Next, matching of identical segments by inter­
segmental cell recognition could produce the type of segmental organi­
zation exemplified in Fig. 4b, whereas absence of matching would pro­
duce the type shown in Fig. 4a. For the present purpose the latter 
assumption is adopted and the two types are not discriminated in the 
analysis which follows. In all double abdomens the number of segments 
included in a shift was determined for each of the twelve longitudinal 
lines projected on the larval surface (see Figs. 1, 5)· Shifts of one 
through five segments were found. Fig. 7 shows that they were most 
frequent along lines θ/ΐ2 and 6, that is, along the median plane of 
the larva , and only there sometimes involved more than two segments. 
Of the shifts of 3, 4 and 5 segments, 9» 41 and Ofo, respectively, ac­
counted for formal shifts. No relation was found between the number 
of segments involved in a shift and the constriction level. The sym­
metrical distribution of frequencies around the ventral midline (6) 
as contrary to the abrupt change at the dorsal midline (0/12) is re­
markable (Fig. 7). 
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Serial numbers of transverse coordinates of the larval cuticle 
Analysis of the longitudinal shi f t s of the plane of mirror image 
symmetry in double abdomens. The number of segments involved in a 
shift was scored for each of the twelve longitudinal l ines projec­
ted on the larval surface (Figs. 1, 5)? these are indicated by the 
s e r i a l numbers of the corresponding transverse coordinates (abscis­
s a ) . Only double abdomens with well analysable symmetry planes were 
used. Duplications confined to опіз'· one longitudinal cut icular band 
(lying between two longitudinal l ines) by def init ion cannot show a 
s h i f t . Shifts of one through five segments were found. The frequen­
cies of these five size classes are presented as non-cumulative 
percentages (ordinate) . The t o t a l number of observed shi f t s i s in­
dicated in each column. Note the s t r ik ing symmetry of the d i s t r ibu­
t ion around the ventral midline and i t s abrupt increase at the dor­
sal midline. 
Larva showing r e s t r i c t i o n of polar i ty reversal to a band between 
longitudinal l ines 2 and 5 on the right ventral side of the larva. 
The plane of mirror image symmetry (Sp/p) borders segment A1 and 
i s s t r a igh t . In the supernumerary "abdomen,, cut icular markers of 
segments A1 and A2 are present. The cut icular pattern of VMRr as 
well as of DLRr and BMRr markers (not v i s ib le ) i s normal in the 
three thoracic segments which flank the duplicated abdominal s t r i p 
on the medial and dorsolateral s ide . 
Abbreviations: see Pigs . 1, 4« Leitz phase-contrast, yellow-green 
f i l t e r . 
143. 
Analysis of the parts of the larval circumference involved m polarity 
reversal 
In most cases polarity reversal in B.D.A.'s involved the complete lar-
val circumference. In U.D.A.'s exactly one half was duplicated, while 
the other formed the normal set of segments. In some B.D.A.'s and 
U.D.A.'s, however, polarity reversal was confined to less than the 
complete or half larval circumference (Fig. 8). To he sure that a sym-
metry plane is really restricted to a well-defined part of the larval 
circumference, only those cases were considered where the duplicated 
abdominal band was bordered by three or more segments on either side 
(Fig. 5: Sp/p (d)). In the other cases it remains unknown whether the 
shift would have actually extended longitudinally over a distance of 
one or two segments, running further transversely across the adjacent 
longitudinal bands. The criterion of three or more segments seems rea-
sonable because absence of individual cuticular markers in one and 
possibly two segments on either side of the symmetry plane (Fig. 5: 
Sp/p (b)) can result not only from non-specification but also from 
trivial suppression of differentiation. Differentiation of cuticular 
markers can be suppressed when partial or complete fusion of the two 
segments bordering the symmetry plane results in smaller distances 
between markers (Lawrence, 1973a); this would incidentally explain 
why shifts over two segments are rather frequent (Fig. 7)· Because in 
this study we are interested in deviations from the normal specifica-
tion mechanism, the effect of trivial suppression of differentiation 
had to be ruled out. 
Fig. 9 shows projections of the partial larval circumferences in-
volved in polarity reversal on the transverse coordinate system of 
the larva. B.D.A.'s are most frequently formed (62^), followed by 
U.D.A.'s (38$) with their right and left restrictions showing slight-
ly different frequencies of 21 and 17$, respectively. In B.D.A.'s 1$ 
of polarity reversals take up less than a complete, but more than one 
lateral larval circumference. U.D.A.'s with polarity reversal con-
fined to exactly the right or left half constitute 18 and 14$ of all 
double abdomens, respectively, while cases with still smaller circum-
ferences amount to 3$ on both sides. 
Table 5 shows unequal frequencies of left and right U.D.A.'s among 
different constriction stages, the differences being inconsistent. 
left 9 
Θ 
ventral 
з right 
B.D.A. (62%) ® 
© 
14 (88) 
0.2 (1) 
1.3 (8) 
0.2 (1) 
0.2 (1) 
18 (117) 
0.2 (1) 
0.3 (2) 
M (7) 
0.5 (3) 
0.6 (4) 
0.2 (1) 
0.3 (2) 
0.5 (3) 
0.3 (2) 
0.2 (1) 
® 
U.D.A. left (17%) U.D.A. right (21%) 
Diagram representing parts of the larval circumference involved in 
polarity reversal, (a) The transverse component of the reference 
system of Pig. 1 is projected. The "resolution power" of the sys­
tem is limited Ъу the number of twelve transverse coordinates. 
In the other three figures, parts of the larval circumference in­
volved in polarity reversal are projected on arbitrary concentric 
rings on this reference system. The frequency of each type of par­
tial circumference is indicated as a percentual fraction of the 
total number of analysed double abdomens (number of double abdo­
mens indicated in parentheses). That the resolution power of the 
coordinate system is satisfactory, follows from the fact that there 
is only one case (in (d)) which does not fit into the system. 
Abbreviations: see Fig. 1. 
Table 5. Comparison of frequencies of left and 
right unilateral double abdomens. 
Stage of 
con- re- Frequency of pF 
striction moval B.D.A. U.D.A.L U.D.A.r. 
7.6 3.3 0.3 
12.2 6.1 0.7 
9.2 6.2 0.6 
7.2 13.6 1.0 
2.0 8.1 0.2 
6.4 9.4 0.6 
4.4 14.2 0.6 
15.1 7.1 1.1 
2.4 2.9 0.1 
2.3 6.2 0.1 
Frequencies were calculated as a percentual fraction of the 
total number of analysable larvae obtained with a particu­
lar constriction. B.D.A. frequencies are significantly 
higher (1% level) than would be expected from the product pF 
of the frequencies of left and right U.D.A.'s (CHi-square 
test for a 2 χ 2 table). The differences between left and 
right U.D.A.'s were not tested for statistical significance, 
because the inconsistencies do not really allow any conclu­
sion as to the existence of equal chances for left and right 
polarity reversal. Abbreviations, normal stages: Materials 
and Methods, U.D.A.l. and U.D.A.r.: left and right unilate­
ral double abdomens, respectively, pF: product of frequen­
cies of U.D.A.Z.. and U.D.A.r*. 
NM2 
NM2 
NM4-8 
NM16-32 
14.1 
30.6 
28.2 
SBy 22.0 
NM4-8 
NM16-32 
NM4-8 
NM16-32 
NM64-128 
SBy 
NM16-32 
SBy 
25.7 
33.3 
26.2 
18.3 
9.7 
8.3 
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DISCUSSION 
We l í i l l f i r s t b r i e f l y in t roduce a d e s c r i p t i v e model for segment p a t -
t e r n formation in i n s e c t s . Next we w i l l d i scuss our main conclusions 
in terms of t h e model and make some sugges t ions concerning i t s p o s s i -
b le u l t r a s t r u c t u r a l and molecular s e t t i n g . 
A fonmal model t o desc r ibe insec t p a t t e r n formation 
Wolpert (1969) in t roduced the conceptual d i s t i n c t i o n between the spe -
c i f i c a t i o n of p o s i t i o n a l information ajid i t s c e l l u l a r i n t e r p r e t a t i o n 
in developing sys tems. Spec i f i c a t i on would inc lude e i t h e r the t r a n s -
port of i n s t r u c t i o n s t o t h e i r app rop r i a t e p o s i t i o n s or t h e i r in s i t u 
genera t ion (Sander, 1976). C e l l u l a r i n t e r p r e t a t i o n involves the read-
ing and execut ion of those i n s t r u c t i o n s , whatever t h i s may imply at 
t he gene t i c l e v e l (Kiger, 1973; Gie re r , 1973; Garc ía -Be l l ido , 1975, 
1977; Kaufmann, 1973, 1975; Lawrence and Morata, 1976). 
In the s o - c a l l e d l a t e r a l i n h i b i t i o n model (Meinhardt, 1977) a f i n a l 
equ i l ib r ium d i s t r i b u t i o n of a c t i v a t o r and i n h i b i t o r subs tances would 
e x i s t in t h e normal egg (F ig . 10a) . The fo l lowing assumptions made by 
Meinhardt a re important for our d i s c u s s i o n . F i r s t , t h e l o c a l s c a l a r 
value (range) of i n h i b i t o r can provide a s igna l t o the blastoderm 
c e l l s l oca t ed t h e r e t o become committed t o a s p e c i f i c pathway of d i f -
f e r e n t i a t i o n . In a d d i t i o n , t h e r e i s a low b a s i c l e v e l of a c t i v a t o r 
p roduc t ion , pos s ib ly throughout oogenesis and/or e a r l y embryogenesis. 
The more slowly d i f f u s i n g a c t i v a t o r c a t a l y s e s i t s own product ion and 
t h a t of the f a s t e r - d i f f u s i n g i n h i b i t o r , whereas the i n h i b i t o r i n h i b i t s 
a c t i v a t o r p roduc t ion . In normal development some s t imulus such as the 
asymmetric i n t r o d u c t i o n of n u t r i t i v e subs tances in t e l o t r o p h i c and 
po ly t roph ic o v a n o l e s or asymmetric oocyte growth might t r i g g e r a c t i -
v a t o r product ion m the p o s t e r i o r egg p o l e . This would produce a l oca l 
i nc rease of a c t i v a t o r above a c r i t i c a l t h r e s h o l d concen t ra t ion and a 
subsequent a u t o c a t a l y t i c " f i r i n g " of an a c t i v a t o r peak. Simultaneous-
l y , c r o s s - c a t a l y s i s of i n h i b i t o r product ion would s t a r t . The long- and 
shor t - r ange d i f fus ion of i n h i b i t o r and a c t i v a t o r , r e s p e c t i v e l y , would 
r e s u l t m t h e suppress ion of a second a c t i v a t i o n peak ou ts ide the r e -
gion of t h e primary peak. Thus, when an equ i l ib r ium i s reached between 
product ion and l o s s by d i f fus ion and breakdown of both a c t i v a t o r and 
i n h i b i t o r , a s t a b l e s p a t i a l d i s t r i b u t i o n would ensue (F ig . 10a). 
Any d i f fus ion b a r r i e r such as a permanent c o n s t r i c t i o n appl ied p r i -
or t o blastoderm formation, would r e s u l t in t h e type of d i s t r i b u t i o n 
shown in F i g . 10b. I n h i b i t o r accumulation and dep l e t i on r e s u l t m the 
l o s s of s c a l a r v a l u e s , t h a t i s s p e c i f i c i n s t r u c t i o n s for c e r t a i n co r -
responding segments on e i t h e r s ide of the c o n s t r i c t i o n (compare i n h i -
b i t o r l e v e l s on e i t h e r s ide of t h e 50$ E .L . c o n s t r i c t i o n in (b) with 
the normal l e v e l at X). The decrease in gap s i z e observed with p ro -
g r e s s i v e l y l a t e r c o n s t r i c t i o n s would be a funct ion of the time a v a i l -
able fo r i n h i b i t o r dep le t ion ( a n t e r i o r ) and accumulation ( p o s t e r i o r ) 
u n t i l c e l l u l a r commitment during s t age CB (Van der Meer and Miyamoto, 
1978). 
When a f t e r temporary c o n s t r i c t i o n ooplasmic c o n t i n u i t y i s r e s to r ed 
in time by re—fusing a n t e r i o r and p o s t e r i o r ooplasm, the d i s c o n t i n u i -
t y in t h e g rad ien t becomes uns tab le and i s l e v e l l e d ou t : a normal 
l a r v a develops (Sander, 1975^; Van der Meer, 1978b). 
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How do the GalІовоЪгцchus results fit the lateral inhibition model? 
First, we assume that effective inhibitor concentration can he decrea­
sed either by leakage from the anterior region of a posterior fragment 
into the perivitelline fluid, or by some inactivating or degrading in­
fluence exerted by the degenerating yolk mass on this region. Second, 
we assume that this leakage or inactivation can start only after remo­
val of the constriction. The initial effect of leakage or inactivation 
would be a local decrease of effective inhibitor concentration at the 
anterior end (Fig. 10f); this is then smoothed out by diffusion which 
results in the distribution shown in Fig. 10c. This distribution can 
be stable depending on the level of basic activator and of activator-
independent inhibitor production (Meinhardt, personal communication). 
If it remains stable till segmental commitment, one would predict to 
find increased segment numbers in posterior partial larvae. This has 
indeed been observed (Van der Meer, 1978c). When the inhibitor falls 
below an activator-dependent threshold concentration, a second acti­
vator peak forms autocatalytically (Fig. I0d, e). This would result 
in an equilibrium state with symmetric inhibitor distribution in the 
posterior partial blastoderm, and double abdomens would develop. 
Third, we assume therefore that reversal of segment order involves 
respecification of the metamerie pattern in the anterior half of a 
posterior egg fragment. The instructing signals would then have to be 
redistributed so as to reach a symmetrical shape (Fig. I0e). The fact 
that polarity reversal can be confined to longitudinal cuticular bands 
suggests that signal transport can be polarized, i.e. restricted to 
the longitudinal dimension. In terms of the model we assume that acti­
vator and inhibitor transport, whether active or passive, occurs pre­
ferentially in the longitudinal egg dimension (facilitated or polari-
zed transport) and is partially inhibited in the transverse dimension. 
When a strong inhibitor decrease occurs in a restricted locality, pro­
files of the type shown in Fig. lOf might result. The trough in the 
inhibitor field can in principle be located in any longitudinal band. 
It would account for the anterior transformation of posterior segment 
markers and the deletion of certain cuticular markers described by 
Van der Meer (1978ъ). 
Secondary activator and inhibitor profiles will primarily extend in 
the longitudinal egg dimension because their transport is polarized, 
but the result also depends on the extent to which activator and inhi­
bitor are redistributed transversely. A range of narrow to broad lon­
gitudinal cuticular bands showing polarity reversal is expected, but 
we observed restriction of polarity reversal to precisely the right or 
left half circumference to be clearly predominant. The longitudinal 
shifts in the plane of mirror image symmetry can also be described by 
assuming polarized transport of segmental instructions. If the "safety 
criterion" of three or more segments used to assess transverse re­
striction of polarity reversal (see p. 143) is applied to Fig. 7i it 
is seen that such shifts predominantly occur along the dorsal and ven­
tral midlines. Together with the predominance of precisely left and 
right U.D.A.'s, this may suggest a degree of independence of the two 
lateral halves with respect to the specification of the longitudinal 
segment pattern. If we would assume bilateral polarity reversal to be 
the result from two entirely independent reversals in the left and 
right half of the egg fragment, then the probability of simultaneous 
polarity reversal on both sides should be equal to the product of the 
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probabilities of polarity reversal on the right and left side separa-
tely. However, the data in Table 5 show that this is not so. We may 
conclude from Table 5 that polarity reversal starting in one half of 
the posterior egg fragment greatly increases the probability of its 
occurring also in the contralateral half. This is also suggested by 
the results of unilateral temporary constriction experiments (Van der 
Meer, unpublished). Left and right unilateral constriction both pro-
duced B.D.A.'s. 
It is obvious that with free diffusion a reversed inhibitor profile 
would never remain restricted to a longitudinal band of the posterior 
egg fragment. Activation would extend transversely because of the 
small width of the egg, and only double abdomens would be expected. 
We suggest, therefore, that a median diffusion barrier exists in the 
posterior egg fragment, which longitudinally restricts the diffusion 
of the activator and inhibitor between the right and left egg half in 
many though not in all cases. At present the possibility cannot be ex-
cluded that such a diffusion barrier is only by constriction induced 
in a posterior egg fragment and does not exist in the normal egg. 
Depending on its intensity, the secondary activation may or may not 
overcome the diffusion barrier. Alternatively, several secondary ac-
tivations may start simultaneously at different degrees of latitude 
along the former constriction region and later join to form a single 
activation peak. In this case the medial diffusion barrier may only 
result in a segmental shift of the plane of mirror image symmetry at 
the medial plane of the larva. 
It should be noted that most transverse pattern discontinuities oc-
cur along the ventral and dorsal midlines, which both result from fu-
sion of two previously separate blastemas (merging of lateral plates 
and dorsal closure, respectively). Moreover, the different distribu-
tion of segmental shift frequencies around the dorsal (o/l2) and ven-
tral (6) midline in double abdomens (Pig. ?) seems to suggest a dif-
ferent origin, for instance aberrant matching of segments during dor-
sal closure. This cannot explain the above pattern discontinuities, 
however. First, the "physiological" midline in U.D.A.'s is definiti-
vely established much earlier, i.e. with segmental commitment during 
blastoderm formation. The fact that segment specification respects 
this physiological midline, excludes any later origin of pattern dis-
continuities. Secondly, early and brief constriction yields many re-
fusions and leaves sufficient time until cellular commitment for the 
removal of any structural changes which might persist after re-fusion 
later to disturb merging of the lateral plates and dorsal closure. 
Fig. 10 
Hypothetical hand-drawn act ivator (A) and inhibi tor ( l ) prof i les in ten-
ded to interpret the resu l t s from permanent (b) and temporary (c-g) 
constr ic t ions in terms of the l a t e r a l inhibi t ion model(Meinhardt, 1977). 
I t i s assumed that the final act ivator and inhibi tor profi les as shown 
in (a) exist at least from oviposit ion onwards, g: To clearly show one 
half of the trough in the inhibi tor plane ( l ) , part of i t has been r e -
moved. Abscissa: position (p) along anteroposterior egg axis in ^ E.L. 
(poster ior pole: O^E.L. ) , ordinate: concentration (c) of both ac t iva-
t o r and inh ib i to r . Thick and thin arrows indicate changes in level of 
inhibi tor and ac t ivator , respect ively. X: inhibi tor concentration at 
_ 50$ E.L. Explanation: see t e x t . 
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The гаге аЪзепсе of ventral and dorsal parts of segments in "normal" 
poster ior p a r t i a l larvae (< &/o) with early and brief constr ict ion can­
not be used to explain the pattern d i scont inui t ies in terms of a com­
mon origin (the disturbance of morphogenetic movements), since these 
occur in much higher frequencies (about 10-50^). Thirdly, transverse 
pattern d iscont inui t ies are always associated with polar i ty reversal 
and have never been observed in "normal" p a r t i a l larvae (except one 
case: Van der Meer, 1978b, Pig. 4c)· Final ly, the d iscont inui t ies oc­
cur also outside the midline, though very infrequently (Figs. 7, 9)· 
At present nothing can be said about the nature of the median dif­
fusion b a r r i e r . We are dealing with the problem of anisotropic i n t r a ­
ce l lu lar transport of segmental instruct ions (compare Gierer, 1977)· 
A few mechanisms for such transport of instruct ions may be suggested: 
(1) s t ructura l barr ier s t o diffusion in the periplasm or the oolemma; 
(2) guidance by an e l e c t r i c f ie ld in e i t h e r the periplasm or the oo­
lemma (cf. Jaffe, 1977» Edidin and Wei, 1977a, b); and (3) anisotropic 
membrane s t ructure , i f we assume transduction of instruct ions to occur 
by the polarized propagation of configurâtional changes of specific 
membrane constituents (cf. Kaczanowska, 1974)· 
The un i la te ra l r e s t r i c t i on of polar i ty reversal as well as the 
shift of the symmetry plane along the median plane in many B.D.A.'s 
suggests an analogy with the left and right compartments which were 
found to exist in the blastoderm of Oncopeltus by means of clonal ana-
lys is (Lawrence, 1973b). In fact , the di f ferent ia t ion of two different 
half-segments next to each other in U.D.A.'s const i tutes a case of ho— 
meosis, and i t was the study of homeosis which led to the concept of 
compartmentalization in Drosophila imaginai discs (Garcia-Bellido, 
1975t 1977» Lawrence and Morata, 1976). The double abdomens of Callo-
sobruchus strongly resemble those of the bicaudal mutant in Drosophila. 
Some of the Drosophila bicaudals indeed show re s t r i c t i on of polar i ty 
reversal to the lef t or right side (Van der Meer and Nüsslein,. unpu-
blished observations). However, the superf icial resemblance with com-
partments would only be substantiated i f a clonal analysis of polari ty 
reversal in Gal1osobruchus would show a correspondence of clonal r e -
s t r i c t ion with r e s t r i c t i on of polar i ty reversal to the lef t or right 
s ide . The same holds for the possible compartmental nature of homeotic 
transformations in the larval segments of the Ε-mutants of Bombyx, 
which are r e s t r i c t e d t o l e f t , r ight , dorsal or ventral halves of the 
larval circumference (Tazima, 1964)· 
The possible role of the extrablast odermal yolk mass in reversal of 
polari ty 
From the fact that polar i ty reversal i s most frequent when an extra-
blastodermal degenerating yolk mass i s present anter ior t o the uni-
p a r t i t e posterior blastoderm, we conclude that the degenerating yolk 
at least strongly enhances polar i ty reversa l . In the few eggs which 
produced double abdomens without an extrablastodermal yolk mass the 
essential yolk consti tuents might yet have been present though invi­
sible in the dissection microscope. We suggest that the effect of the 
degenerating yolk mass on the polar i ty of the poster ior egg fragment 
i s mediated via the anter ior oolemma. Changes in membrane structure 
and function may be involved. Whether "membrane specia l izat ions" 
(Van der Meer, 1978c, d) or perhaps just intimate contacts between 
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the oolemmata of the two egg fragments (Hyde et a l . , 1969; Bluemink et 
a l · , 1976) are necessary for the mediation of t h i s effect remains t o 
be establ ished. The effect of the yolk mass may be the i n i t i a t i o n of 
inhibitor-leakage. Alternatively, substances l iberated from the decom­
posing yolk mass, such as RNases (Kandler-Smger and Kalthoff, 1976), 
might enter the poster ior egg fragment through the a l te red membrane 
and induce polar i ty reversal by inact ivat ing inhib i tor molecules or 
other essent ia l components of the segment-specifying mechanism. The 
l a t t e r should then at least contain an RNase-sensitive par t , if RNase 
would be involved. 
In Smittia the correlat ion of polar i ty reversal with the presence 
of an anter ior extraovate which sometimes develops a f ter puncturing 
the egg (Schmidt et a l . , 1975)» points in the same d i r e c t i o n . Like­
wise, we suggest that the extraovates or blastodermal abnormalities 
developing in some Drosophila embryos a f ter anter ior U.V.-irradiation 
may have been responsible for the asymmetric "bicaudal" phenocopies 
observed by Bownes and Sander (1976). I t i s also remarkable that a l l 
the known "bicaudal" phenotypes except "asymmetric bicaudal" (Uuss-
le in , 1977) can be obtained in Callosobruchus by temporary cons t r ic­
t i o n . We therefore suggest that in Drosophila the bicaudal mutation 
is comparable to the maternal effect mutants mat (3)3 and mat (3)6 
(Rice and Garen, 1975) m that i t affects one of the maternal genes 
responsible for the formation of a functional blastoderm at the ante­
r i o r end of the egg. 
Stage dependence of polar i ty reversal 
I t Weis shown that double abdomens develop only in poster ior p a r t i a l 
blastoderms which are larger than half the egg length and are obtain­
ed by constr ict ion pr ior t o the ce l lu la r blastoderm stage. Prior t o 
stage МІ6-32 double abdomen frequency was almost invariant with s t a ­
ge, a one hour la s t ing constr ict ion producing s l i ght ly more double 
abdomens than other constr ict ions (Fig. 2) Obviously very brief con­
s t r i c t i o n f a c i l i t a t e s re-fusion of anter ior with poster ior ooplasm, 
thus removing a necessary condition for polar i ty reversa l . The decrea­
se m the number of reversals s t a r t i n g m stage Ш16-32 cannot be due 
t o the re la t ive ly l a te de const n e t ion stages SBy, SBo and CB, because 
removal m stage Щ16-32 i t s e l f also produces fewer double abdomens. 
Moreover, la te de const n e t ion combined with early constr ict ion pro­
duced considerably more double abdomens. We therefore conclude that 
an unknown condition f a c i l i t a t i n g polar i ty reversal s t a r t s t o change 
at stage Щ16-32. In terms of the model one might think of a change 
m inhib i tor and act ivator d i s t r ibut ion such that a secondary activa­
t ion becomes less probable (compare Van der Meer, 1978c). Since both 
the increase in segment numbers (Van der Meer, 1978c) and polar i ty 
reversal are assumed t o resul t from a decrease m the inhib i tor level 
at the anter ior end of the posterior egg fragment, one might expect a 
s imilar stage dependence for both phenomena. However, the frequency 
of polar i ty reversal s t a r t s t o decrease e a r l i e r (at stage NM16-32) 
than the increase in segment numbers stops (at stage SBy). This seem­
ing discrepancy may be resolved by considering the p o s s i b i l i t y of a 
steady increase of the inhib i tor level during nuclear migration s t a ­
ges. Polari ty reversal would then fa i l to occur f i r s t , because secon­
dary act ivat ion would require a re la t ive ly much stronger inh ib i tor 
decrease than the increase in segment numbers. Between stages Ш416-32 
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and SBy the l a t t e r would s t i l l ref lect the underlying inhibi tor de-
crease u n t i l i t s final equilibrium dis t r ibut ion i s reached. At that 
time, the inhibi tor level may be too high to allow for a suff icient ly 
strong decrease in the time interval l e f t , which is also expressed m 
the numbers of segments. I t should be noted that t h i s in terpre ta t ion 
i s not compatible with the view that f inal ac t iva to r / inh ib i to r profi-
les exist already from oviposition onwards (compare Meinhardt, 1977)· 
I t i s also remarkable that the difference in fragment size produ-
cing maximum yields of U.D.A.'s (72$E.L.) and B.D.A. ' s (64$E.L.) 
disappears at stage NM16-32. In the above in terpreta t ion t h i s d i f fer-
ence might somehow be re la ted to the difference in the height of the 
inhib i tor level before and at t h i s s tage. 
Similar stage dependence of polar i ty reversal exis ts in U.V. i r r a -
diated and RNase t rea ted Smittia eggs (Kalthoff et a l . , 1975; Kandler-
Singer and Kalthoff, 1976). The few double abdomens observed in Gallo-
sobruchus af ter constr ict ion during stages SBy/CB actually might have 
been formed prior to the completion of ce l lu la r iza t ion , because i t l a -
t e r appeared that with the stage timing used 6O-7O50 of eggs are s t i l l 
in stage SBo. Moreover, basal ce l l membranes are not formed simultane-
ously in different egg regions, so that a par t icular egg may be p a r t i -
a l ly in stage SBo and pa r t i a l ly m stage CB (Van der Meer, unpublished). 
We conclude, therefore, that polar i ty reversal i s no longer possible 
af ter c e l l u l a n z a t i o n of the egg i s finished. This conforms to the ge-
neral conclusion, derived from many other experiments, that segmental 
commitment takes place during blastoderm formation. 
Dependence of polar i ty reversal on fragment size 
The low frequency of polar i ty reversal with constr ict ion around or be-
hind the equatorial egg region may resul t from the decreasing numbers 
of un ipar t i t e poster ior blastoderms at these constr ict ion leve ls , par-
t i c u l a r l y pr ior to stage SBy. With more posterior constr ic t ion levels 
i t may be less l ike ly that the inhibi tor level which i s higher there , 
wi l l f a l l below the threshold for a second activation (see Pig. 10a). 
If the anter ior extrablast odermal yolk mass would indeed be instrumen-
t a l in inducing double abdomens, the decrease of t he i r frequency with 
constr ict ion levels approaching the anter ior egg pole could be explain-
ed by a size decrease and eventual disappearance of the yolk mass. In -
deed, with extremely anter ior constr ict ion a l l of the ooplasm is for-
ced into the larger egg fragment and the anterior fragment remains de-
void of yolk (Van der Meer, 1978b: Fig. 2 ) . 
There are two optimum fragment sizes producing maximum numbers of 
U.D.A.'s (72$ E.L. ) and B.D.A.'s ( 6 / $ E . L . ) , respectively (Table 2) . 
In terms of the present model an inhibi tor gradient "has the tendency 
to orient i t s e l f so that the largest possible extension i s obtained: 
t h i s i s , at the beginning of the i n sec t ' s development cer ta inly the 
ant ero-post e n o r dimension" (Meinhardt, 1977)· The longitudinal body 
pattern would therefore tend to be organized along the longest egg 
ax is . Measurements of constricted eggs showed that in poster ior egg 
fragments obtained between 60-70% E.L. width frequently equals length. 
One would therefore expect to find anteroposterior segment patterns 
specified along both the longitudinal and the transverse egg axis . We 
have not systematically screened for such cases but we accidentally 
found two B.D.A.'s with both anteroposterior axes oriented t ransverse-
ly in the egg (Fig. 11b). In two other B.D.A.'s the original abdomen 
Fig. 11 
Two B.D.A.'s photographed with phase-contrast after fixation, to 
show their orientation within the chorion, (a) Dorsal aspect of 
B.D.A. with the anteroposterior axis of the supernumerary abdomen 
oriented more or less perpendicular to hoth the main egg axis and 
the anteroposterior axis of the original abdomen. Symmetry plane 
(Sp/p) runs through the fused Al stigmata on the left and through 
segment A5 on the right, (b) Lateral aspect of B.D.A. with the 
longitudinal axes of both the original and the supernumerary ab-
domen oriented perpendicular to the main egg axis. 
Abbreviations; see Pig. 1; Ch: chorion, d: dorsal, v: ventral. 
Arrows and figures indicate constriction level in ^  E.L. 
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was o r i e n t e d l o n g i t u d i n a l l y but t h e supernumerary one p e r p e n d i c u l a r t o 
i t , i . e . in t h e t r a n s v e r s e dimension of t h e egg ( P i g . 11a). From t h e 
photographs i t w i l l be c l e a r t h a t in t h e egg no room i s l e f t for t h e 
o r i e n t a t i o n of t h e double abdomens t o have been brought about by spon­
taneous movements of t h e l a r v a . S i m i l a r , though l e s s o b l i q u e , a n t e r o ­
p o s t e r i o r axes were observed in E u s c e l i s by Sander (personal communi­
c a t i o n ) . He suggested t h a t t h e d i f fe rence in extent may r e s u l t from 
d i f f e r e n t p r o p o r t i o n s of t h e p a t t e r n - g e n e r a t i n g system ( l a r g e r t r a n s ­
verse diameter as compared t o l e n g t h ) in С a l1 osobruchus. We conclude 
t h a t exper imenta l ly a l t e r e d egg dimensions may inf luence t h e d i r e c t i o n 
in which t h e l o n g i t u d i n a l p a t t e r n i s s p e c i f i e d . 
One could t h i n k t h a t U.D.A. 's p r e f e r e n t i a l l y develop in l a r g e r egg 
fragments because t h e r e t h e a n t e r o p o s t e r i o r p a t t e r n would t e n d t o 
o r i e n t i t s e l f l o n g i t u d i n a l l y , while B.D.A.'s would always develop i n 
smal ler egg fragments with t h e i r a n t e r o p o s t e r i o r ax is o r i e n t e d t r a n s ­
v e r s e l y in t h e egg. Three t h i n g s argue aga ins t t h i s . F i r s t , as a r u l e , 
t h e a n t e r o p o s t e r i o r axes of B.D.A.'s are o r i e n t e d l o n g i t u d i n a l l y in 
t h e egg. Second, an average d i f fe rence of fragment s i z e s of only 8$ i s 
not l i k e l y t o produce enough d i f fe rence between t h e l o n g i t u d i n a l and 
t h e t r a n s v e r s e egg dimensions. Thi rd, t h e d i f ference i n t h e s ize of 
fragments y i e l d i n g maximum U.D.A. and B.D.A. f requencies d i sappears in 
s tage Щ16-32, which would not be expected when egg dimension would be 
t h e so le causat ive f a c t o r involved in t h e choice between U.D.A. and 
B.D.A. N e i t h e r can the d i f fe rence be expla ined by t h e hypothes i s of 
p o l a r i z e d t r a n s p o r t of segmental i n s t r u c t i o n s . We t h e r e f o r e conclude 
t h a t t h e s o l u t i o n of t h i s problem awaits f u r t h e r r e s e a r c h . 
I r r e s p e c t i v e of s tage and d u r a t i o n of c o n s t r i c t i o n t h e plane of 
mir ror image symmetry i n U.D.A. 's and B.D.A.'s on t h e average borders 
segments A2 and A3, r e s p e c t i v e l y , vary ing between segment A8, and T2 
and T1, r e s p e c t i v e l y ( F i g . 6 ) . I t i s concluded t h a t in an egg fragment 
of given s i z e , s p e c i f i c a t i o n of a p a r t i a l l y reversed segment order 
tends towards a s p e c i f i c e q u i l i b r i u m i r r e s p e c t i v e of s tage and dura­
t i o n of c o n s t r i c t i o n . In B.D.A.'s t h e p o s i t i o n of t h e symmetry plane 
v a r i e s with c o n s t r i c t i o n l e v e l , whereas s u r p r i s i n g l y , i t remains con­
s t a n t in U.D.A. 's (Table 4 ) · Moreover, on t h e average U.D.A. 's develop 
in s l i g h t l y l a r g e r egg fragments and have about one segment more du­
p l i c a t e d than B.D.A. ' s . This exp la ins t h e c l e a r - c u t d i f fe rence between 
t h e frequency d i s t r i b u t i o n s of segment numbers in t h e o r i g i n a l abdomen 
of B.D.A.'s and U.D.A. 's ( F i g . 6 ) . 
In 51 double abdomens a t o t a l of more than t h e 19 segments which 
are s p e c i f i e d in normal development were present when t h e symmetry 
plane lay a t or a n t e r i o r t o segment A2. We found t h a t 20 segments were 
a c t u a l l y present in 49$, 21 in 28$, 22 in l8j£, 23 in 4$ and 24 in 2$ 
of the c a s e s . Mean fragment s i z e s were 71 , 70, 70, 69 and 72%E.L. , 
r e s p e c t i v e l y . I t should be noted t h a t the excess ive segment numbers 
are spec i f i ed in a p o s t e r i o r blastoderm of reduced s i z e which, in the 
absence of p o l a r i t y r e v e r s a l , would produce l e s s than 19 segments. 
Because the te rmina l segments in t h e supernumerary abdomen may be mal-
formed, d i f f e r e n t segment numbers can be present in d i f f e r e n t l o n g i t u -
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dinal bands. Therefore, in counting the longitudinal band with the 
maximum segment number was considered to indicate the maximum poss i -
ble number of segments specified in that par t icu la r double abdomen. 
We conclude that under experimental conditions the number of segments 
specified in a un ipar t i t e poster ior blastoderm does not depend on i t s 
longitudinal dimension. In terms of the model t h i s supports the idea 
that segment number depends on the available inhibi tor concentration 
range in a given egg fragment. As a resul t of steepening (Fig. 10c) 
together with par t ia l inversion (Fig. 10e) of the inhibi tor p rof i l e , 
more segments can be accommodated in a smaller egg fragment. We cannot 
exclude the poss ib i l i ty that in some cases the segment-specifying me-
chanism tends to increase the number of segments specified in a un i -
pa r t i t e blastoderm of given size by changing the direct ion of the an-
teroposter ior body axis of the supernumerary abdomen (see Figs . 4b and 
11a). However, cases with more than 19 segments were also found among 
double abdomens showing no change in the orientat ion of the anteropos-
t e r i o r axis of the supernumerary abdomen. 
There are numerous cases with missing terminal segments which would 
also have contained more than 19 segments if the duplication would 
have been complete. These were not taken into account above. However, 
in Table 4 we did consider the number of segments in the original ab-
domen to indicate the potent ial number of duplicated segments. There-
fore, we have to discuss the question whether the absence of terminal 
segments i s solely due to abnormal extension of the germ-band or to 
non-specification, or to both. However, no facts arguing clearly for 
or against th i s are at hand. In addition, i t i s not known whether the 
abdominal segments in Gal1osobruchus are specified in s i tu or during 
germ-band extension, although the former i s generally assumed for long 
germ-types (Sander, 1976). In the l a t t e r case non-specification and 
non-differentiation cannot be distinguished by reducing the egg space. 
Taking together ( l) the observation of disturbed germ-band extension 
in double abdomens and (2) the occurrence of double abdomens with more 
than 19 segments specified in a reduced egg space, we feel jus t i f i ed 
in postulating that non-specification i s not responsible for the ab-
sence of terminal segments in double abdomens. In addition, there are 
theore t ica l reasons for t h i s postula te . If non-specification were in -
volved, specification of the duplicated segments would have to proceed 
stepwise from the future symmetry plane located in the middle of the 
poster ior egg fragment and not be i n i t i a t e d at i t s anter ior end. Since 
t h i s i s incompatible with the proposed mechanism of polar i ty reversal 
in terms of l a t e ra l inh ib i t ion , we would lose the descriptive power of 
the l a t e r a l inhibi t ion model for our other resu l t s with Callosobruchus 
eggs as well . One might object that both primary and secondary ac t iva-
t ion in posterior egg fragments wi l l not a t t a in t he i r normal maxima, 
because of the increased inhibi t ion by the accumulated inh ib i to r . One 
would then expect non-specification of the terminal segments of both 
the inverted and non-inverted abdomen. However, absence of terminal 
segments was almost exclusively observed in the inverted abdomen. 
In conclusion i t can be s ta ted that with appropriate assumptions 
concerning the diffusion charac ter i s t ics and the s t ructura l and mole-
cular se t t ing of act ivat ion and inhib i t ion , most of the typical pa t -
te rn abnormalities obtained by permanent (Van der Meer and Miyamoto, 
1978) and temporary constr ict ion in Callosobruchus can be described in 
terms of the l a t e ra l inhibi t ion model. Our resu l t s may not be explain-
ed by the existence of separate anter ior and posterior determinants as 
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suggested Ъу Kalthoff et al. (1977)· True, the removal by U.V. irradi­
ation of anterior determinants from a non-constricted egg would remove 
the suppression of posterior determinants in the anterior egg half, 
but with anterior constriction both the putative anterior and the pu­
tative secondary posterior determinants (p' of Kalthoff) would be dis­
connected from the posterior egg fragment, leaving double abdomen for­
mation unexplained. 
Specification of the transverse body pattern 
Although it is likely that in U.D.A.'s the different segment halves 
situated nexrt to each other develop in structural and physiological 
contingency (see p. 149)ι this remains to be established by experi­
ment. We may, nevertheless, suggest that the transverse pattern of 
different segments is specified by the same process. The segment spe­
cificity of the left and right transverse patterns depends on the de­
velopmental history of the longitudinal half in question, i.e. on the 
instructions received by the blastoderm cells during commitment of the 
longitudinal pattern. 
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SUMMARY 
An a n a l y s i s of the s p a t i a l o rgan iza t ion of c u t i c u l a r markers in u n i l a -
t e r a l and b i l a t e r a l double abdomens i s p resen ted . I t was found t h a t 
the o r i e n t a t i o n of segment -spec i f ic markers such as b r i s t l e s (element 
p o l a r i t y ) can be i n c o n s i s t e n t with the s p a t i a l order of l a r v a l segments 
(sequence p o l a r i t y ) . The s p a t i a l order of segments i t s e l f can a l so con-
t a i n some segments i n c o n s i s t e n t with r e v e r s a l of o v e r a l l sequence po-
l a r i t y . I t i s concluded t h a t vinder experimental cond i t ions i n t r a s e g -
mental element p o l a r i t y can t o a c e r t a i n ex ten t be uncoupled from s u -
prasegmental sequence p o l a r i t y . That t h i s i s an excep t iona l event sug-
g e s t s t h a t in normal embryogenesis t h e primary morphogen grad ien t in 
the egg p o l a r i z e s the secondary in t rasegmenta l g r a d i e n t s . 
Furthermore, s eve ra l types of p o l a r i t y r e v e r s a l in tandem a r range -
ment were found. Their occurrence was expected on the bas i s of hypo-
t h e t i c a l p e r i o d i c morphogen p a t t e r n s thought t o be produced by " l a t e r -
a l i n h i b i t i o n " over a reduced range . 
INTRODUCTION 
Region-spec i f ic c e l l d i f f e r e n t i a t i o n in i n s e c t s i s ¡studied as i t i s 
r e f l e c t e d in the l i n e a r a r ray of l a r v a l segments. Changes in r eg ion -
s p e c i f i c c e l l d i f f e r e n t i a t i o n can be e a s i l y and p r e c i s e l y analysed by 
the use of segment -spec i f ic c u t i c u l a r markers such £is b r i s t l e s e t c . 
and t h e i r c h a r a c t e r i s t i c s p a t i a l o r g a n i z a t i o n . In the pea -bee t l e Сal­
ios obru chus maculatus Fabr . i t i s p o s s i b l e p a r t i a l l y t o reverse t h e 
segment order by temporary c o n s t r i c t i o n in the a n t e r i o r egg region 
p r i o r t o blastoderm formation (Van der Meer, 1978d). In t h e r e s u l t i n g 
p o s t e r i o r b lastoderm two types of double abdomen can develop. In b i l a ­
t e r a l double abdomens (B.D.A.) t h e c e p h a l i c and some or a l l t h o r a c i c 
segments are r e p l a c e d by abdominal segments e x h i b i t i n g a p r e c i s e mir­
r o r image symmetry with respect t o t h e o r i g i n a l abdomen. In u n i l a t e r a l 
double abdomens (U.D.A.) r e v e r s a l of segment order i s confined t o t h e 
l e f t or r i g h t s ide of t h e l a r v a , t h e u n i l a t e r a l supernumerary abdomen 
being l o c a t e d adjacent t o t h e c o n t r a l a t e r a l o r i g i n a l p a t t e r n of t h o r a ­
c i c and c e p h a l i c segments. Thus two continuous c u t i c u l a r a r e a s e x i s t 
next t o each o t h e r , but with oppos i te p o l a r i t y (Van der Meer, 1978a, b ) . 
The two types of p o l a r i t y r e v e r s a l have been formally descr ibed in 
t e n n s of l a t e r a l i n h i b i t i o n , with some a d d i t i o n a l assumptions (Van der 
Meer, 1978b). In t h i s model two d i f fusab le substances·., t h e a c t i v a t o r 
and t h e i n h i b i t o r , are involved in t h e s p e c i f i c a t i o n of s p a t i a l p a t ­
t e r n s of c e l l u l a r d i f f e r e n t i a t i o n (Gierer and Meinhardt, 1972, 1974; 
Meinhardt and G i e r e r , 1974; Meinhardt, 1977; G i e r e r , 1977)· The a c t i ­
v a t o r c a t a l y s e s i t s own product ion and t h a t of i t s a n t a g o n i s t , t h e 
i n h i b i t o r . In an extended embryonic a r e a any small i n c r e a s e in the 
amount of a c t i v a t o r in a prev ious ly homogeneous a c t i v a t o r - i n h i b i t o r 
d i s t r i b u t i o n i s being ampl i f ied . In i n s e c t eggs t h i s i s assumed t o 
take place in t h e p o s t e r i o r pole r e g i o n , r e s u l t i n g i n t h e product ion 
of i n h i b i t o r which d i f fuses f a r t h e r awa,y than t h e a c t i v a t o r . This p r e ­
vents secondary a c t i v a t i o n outs ide t h e a c t i v a t e d a r e a . A s t a b l e , g ra­
ded i n h i b i t o r d i s t r i b u t i o n i s reached as soon as a c t i v a t o r increase 
ceases , for i n s t a n c e when los s of a c t i v a t o r by d i f f u s i o n or breakdown 
equals a c t i v a t o r p r o d u c t i o n . The pos i t ion-dependent i n t e r v a l s of i n h i ­
b i t o r c o n c e n t r a t i o n s are assumed t o i n s t r u c t b l a s t o d e m c e l l s t o form 
a s p a t i a l a r r a y of segments. Double abdomen formation would be achieved 
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lory a l o c a l decrease of i n h i b i t o r at t h e maximum p o s s i b l e d i s t a n c e from 
t h e primary a c t i v a t i o n peak. I n h i b i t o r decrease below ал a c t i v a t o r -
dependent t h r e s h o l d c o n c e n t r a t i o n would allow a second a c t i v a t i o n t o 
occur, r e s u l t i n g in a symmetrical d i s t r i b u t i o n of t h e i n h i b i t o r and i n 
a p a t t e r n of segments arranged in m i r r o r image symmetry. I t was assum­
ed t h a t temporary c o n s t r i c t i o n c r e a t e s c o n d i t i o n s i n t h e a n t e r i o r r e ­
gion of a p o s t e r i o r egg fragment which lead t o such a l o c a l decrease 
in e f f e c t i v e i n h i b i t o r c o n c e n t r a t i o n (Van der Meer, 1978b). 
I n t h i s s tudy a q u a l i t a t i v e a n a l y s i s of some i n t e r e s t i n g c u t i c u l a r 
d e t a i l s i n double abdomens i s p r e s e n t e d t o show t h a t t h e r e i s an expe­
r i m e n t a l b a s i s f o r t h e conceptual d i s t i n c t i o n between sequence and 
element p o l a r i t y made by Kalthoff (1976). In a previous q u a n t i t a t i v e 
a n a l y s i s of double abdomen formation (Van der Meer, 1978b) r e v e r s a l of 
sequence p o l a r i t y ( t h a t i s , s p a t i a l segment order) was taken t o i n d i ­
cate t h e r e v e r s a l of an egg p o l a r i t y e x i s t i n g much e a r l i e r . Element 
p o l a r i t y ( t h a t i s , o r i e n t a t i o n of segment-speci f ic c u t i c u l a r markers) 
confirmed t o sequence p o l a r i t y i n most but not a l l double abdomens. 
The e x c e p t i o n a l cases w i l l be descr ibed below. Moreover, t h e a c t u a l 
occurrence of p e r i o d i c a l l y reversed segment p a t t e r n s which were expec­
t e d on t h e b a s i s of l a t e r a l i n h i b i t i o n w i l l be shown. 
MATERIAL AND METHODS 
D e t a i l s on t h e r e a r i n g methods of adu l t Cal losobruchus, as wel l as 
methods for c o l l e c t i o n , handl ing and temporary c o n s t r i c t i o n of s t a g e d 
eggs were descr ibed by Van der Meer (1978a, с ) . Whole mounts of f i r s t -
i n s t a r l a rvae for p h a s e - c o n t r a s t microscopy were prepared accord ing t o 
t h e f i r s t method descr ibed by Van der Meer (1977)» 
Normal c o n s t r i c t i o n s t a g e s : NMn ( n u c l e a r migra t ion s tage with η i n ­
d i c a t i n g t h e number of n u c l e i ) , SBy ( s y n c y t i a l blastoderm young: n u c l e i 
have j u s t a r r i v e d in per ip lasm, r a d i a l c e l l membranes not yet formed, 
p r o t r u d i n g pole c e l l s ) , CB ( c e l l u l a r b las toderm: basa l c e l l membranes 
formed, pole c e l l s i n v a g i n a t e d ) . Stages of c o n s t r i c t i o n and decon-
s t r i c t i o n are i n d i c a t e d in t h a t o r d e r , s e p a r a t e d by a s l a n t l i n e . 
The d a t a p r e s e n t e d below o r i g i n a t e from experiments r e p o r t e d by 
Van der Meer ( l 9 7 8 d ) . Рог a f u l l d e s c r i p t i o n of t h e method of and t h e 
c u t i c u l a r markers used in t h e a n a l y s i s of reversed segment p a t t e r n s , 
t h e r e a d e r should consul t F i g . 1 in t h a t paper . 
RESULTS 
Inconsistent sequence and element polarity 
In 21 cases out of 794 analysable double abdomens obtained with tem­
porary constriction in the anterior egg half (Van der Meer, 1978d) 
either the sequence or the element polarity, or both, were partly in­
consistent with reversed sequence polarity in a particular longitudi­
nal row of cuticular markers (Fig. l). The inconsistencies never in­
volved the whole larval circumference but mostly one or two of these 
marker rows only (see Van der Meer, 1978d: Fig. 1). This reduces the 
number of cuticular markers and thus the reliability with which an 
inconsistency can be identified. Only unambiguously identified incon­
sistencies are reported here. 
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Fig. 1 
Pormal representation of types of segment pattern in which either 
the sequence or the element polarity, or both, were inconsistent 
with overall reversal of sequence polarity. The inconsistencies 
are usually confined to one or more longitudinal rows of cuticu­
lar markers: only these rows are represented. Sequence polarity 
is indicated by the serial numbers of the segments: for instance 
thoracic segments T1, T2 and T3 have numbers 6, 7 and 8; segment 
5 belongs to the head. Arrows indicate anteroposterior element 
polarity. Heavy arrows and bold-face numbers indicate inconsis­
tencies in element and sequence polarity, respectively. Uppermost 
bar represents usual double abdomen with symmetry plane (Sp/p) 
bordering segment Al« 
Abbreviations: B.D.A. andU.D.A.: bilateral and unilateral double 
abdomen, respectively, N: number of observed cases. 
Further details: see text. 
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First, the location of one or more segments in a longitudinal row 
of the supernumerary abdomen can Ъе inconsistent with overall reversal 
of secpaence polarity (type II). A marker row in the supernumerary ab­
domen can terminate in one or more segments which in the normal larva 
occur far more anteriorly than the other segments in the row (type IIa: 
segment 6). Such "out-of-place" segments form a physically united se­
ries with the other segments in the row of markers so that they are 
separated from each other l^y a "non-spatial" segment gap. Such gaps 
have been found earlier in so-called "lip at the belly"-larvae (Van 
der Meer, 1978a). In those larvae overall sequence polarity was not 
reversed and they did not show inconsistent element or sequence pola­
rity either. On the basis of segment sequence in the inverted abdomen, 
"out-of-place" segments are not expected. For instance, in the U.D.A., 
shown in Fig. 2b, segment AT should follow A6 rather than A1 and T?. 
Another instance is the reversed segment sequence Al through A4 fol­
lowed by T1 (Fig. 2a, c: Csh). The element polarity of such "out-of-
place" segments can be consistent with overall reversal of sequence 
polarity (type IIa, Figs. 2a, Ъ, c, 3). 
Secondly, element polarity in a longitudinal marker row of a super­
numerary abdomen can be inconsistent with overall reversal of sequence 
polarity, although sequence polarity is consistent (type Ilia, arrow 
above segment 10; ІІІЪ: 13r 12). 
Thirdly, m type IV, both sequence and element polarity are incon­
sistent with overall reversal of sequence polarity in the same marker 
row of a particular inverted abdomen. In type IVa the presence of 
"out-of-place" segments (5 and 6) as well as the direction of their 
element polarity are not expected on the basis of the sequence and 
element polarity of the other segments in that longitudinal marker 
row. An example is shown m Fig. 2e, where abdominal segments A5 on 
the left and A3 on the right side are not succeeded by segments Аб and 
A4j respectively, but by the first thoracic segment (Ti). In IVb the 
inconsistencies occur in different segments. Segment 6 does not fit 
the segment sequence, while the element polarity of segment 11 is op­
posite to the overall reversal of element and sequence polarity. The 
duplication of segment 9 in IVc is not reflected in a reversed element 
polarity and the duplicated segment is not succeeded by segment 10 but 
by segment 8. 
Tandem duplication 
Two or more planes of mirror image symmetry can occur in tandem in 
both U.D.A.'s and B.D.A.'s (Table l). Fig. 4c shows a B.D.A. with 
three symmetry planes on the left side. Fig. 3a shows an U.D.A. with 
two symmetry planes, both confined to exactly the right side. The du­
plicated parts are intercalated as a wedge into the normal metamerie 
pattern. 
Tandem duplications of all types are 2.5 times more frequent m 
U.D.A.'s than in B.D.A.'s (Table 1). In U.D.A.'s up to five symmetry 
planes can occur on the same side. In B.D.A.'s additional symmetry 
planes occupy either one lateral half (l9 cases) or the whole larval 
circumference (4 cases). The frequency of tandem duplication does not 
depend on the stage of constriction or de const net ion (Table l). 
The total number of segments m an U.D.A. with tandem duplication 
can exceed the normal number of 19 segments: 20 segments were found in 
two cases, 21 segments in one case, 22 segments in two cases and 24 
segments in one case. Excessive numbers of segments were not observed 
in B.D.A.'s with tandem duplications. 
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F i g . 2 
I n c o n s i s t e n c y of sequence and element p o l a r i t y ( a - d ) . а, Ъ, c : 
и . Б . А . ' s with an " o u t - o f - p l a c e " segment at t h e end of t h e supernu­
merary abdomen; sequence but not element p o l a r i t y i s i n c o n s i s t e n t 
with o v e r a l l r e v e r s a l of sequence p o l a r i t y (compare F i g . 1: I I a ) . 
a : On t h e d u p l i c a t e d s i d e segments Al/Al through A4 are followed 
by T I , which on the dorsa l s ide c l e a r l y shows up by i t s b r i g h t 
marginate t e e t h p o i n t i n g in t h e oppos i te d i r e c t i o n as compared t o 
t h e non-dupl ica ted s i d e ; frame: c lose-up shown in с . b : Adjacent 
t o t h e normal segment T3 another t h o r a c i c (T?: s e r i a l number not 
i d e n t i f i a b l e ) and abdominal segment (A1) are found on t h e v e n t r a l 
d u p l i c a t e d s i d e ; t h e s e segments are s i t u a t e d a л t e г i o г t o t h e pos-
t e r i o r m o s t segment (АО) of t h e supernumerary abdomen. Ventra l mi-
crochaetae of segments T3 and T? smoothly pass i n t o each o t h e r ; 
frame: c lose-up shown in F i g . 3· Dupl ica ted segments A2-A6 show 
t y p i c a l crowding a g a i n s t t h e few c o n t r a l a t e r a l segments, d: Close-
up of a B.D.A. with d u p l i c a t i o n in segment Al ( o r i g i n a l abdomen 
below symmetry p l a n e . U n i d e n t i f i a b l e abdominal segments (A?) in 
supernumerary abdomen show i n c o n s i s t e n t element p o l a r i t y (see a r ­
rows; compare P i g . 1: I l l b ) . e : Ventra l aspect of B.D.A. with 
pos ter iormost segments of supernumerary abdomen (A3 and A5) b o r ­
d e r i n g a p a r t i a l segment T1 (Csh, l ) , which shows u n c l e a r element 
p o l a r i t y . 
A b b r e v i a t i o n s : A: abdominal segments i n d i c a t e d by s e r i a l numbers, 
Al. Sp: spine of f i r s t abdominal segment, B.D.A.: b i l a t e r a l double 
abdomen, Csh: cephal ic s h i e l d b e a r i n g b r i g h t marginate t e e t h and 
belonging t o t h e d o r s a l p a r t of TI , He: head capsule , I : t h o r a c i c 
l e g , Md: mandible, Sp/p: plane of m i r r o r image symmetry between 
o r i g i n a l and supernumerary abdomen, S t : s t igma, T: t h o r a c i c seg­
ments i n d i c a t e d by s e r i a l numbers, U.D.A.: u n i l a t e r a l double ab­
domen. 
P h a s e - c o n t r a s t , yel low-green f i l t e r . 
Fig. 3 
Close-up of Pig. 2Ъ (frame) with ventral microchaetae of segments 
T3 (non duplicated side) and T? (duplicated side) t o show t h e i r 
opposite or ientat ion (element p o l a r i t y ) . 
Dark-field. 
Table 1: Numbers of symmetry planes in tandem duplications. 
Stage of 
con­
striction 
NM2 
NM4-8 
NM16-32 
decon-
striction 
NM2 
NM4-8 
NM16-32 
S By 
NM4-8 
NM16-32 
NM64-128 
S By 
NM16-32 
S By 
CB 
Numbe 
a.D. 
2 
6 
5 
22 
2 
4 
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1 
6 
1 
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A. ' 
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Total 52 17 
The numbers of double abdomens in which more than one 
polarity reversal occurred in tandem arrangement are 
presented. Abbreviations: B.D.A. and U.D.A.:bilateral 
and unilateral double abdomen, respectively, stage 
abbreviations: see Materials and Methods. 
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DISCUSSION 
Inconsistent sequence and element polarity 
Several possible explanations exist for the inconsistencies observed 
in sequence and element polarity with respect to overall reversal of 
sequence polarity. First, in U.D.A.'s an inconsistency in the segment 
pattern of a longitudinal marker row in the duplicated half may have 
been induced by the normal pattern in the contralateral half, which 
shows opposite sequence as well as element polarity. In this case one 
would expect that the "induced" segment m the supernumerary abdomen 
would always show at least some characteristics which are also speci­
fic for the "inducing" neighbouring segment as is shown in segments TI 
and ТЗ/Т? (Figs. 2a, Ъ, c, 3). However, unlike segments can also be 
located next to each other (Fig. 4b: segments T2 and Al). Induction is 
also unlikely because inconsistencies as they are observed in B.D.A.'s 
cannot have been induced by like segments on the contralateral side 
(Fig. 2e: segment T1). 
Secondly, terminal segments which are "out-of-place" in a supernu­
merary abdomen (Fig. 1: types IIa, b, IVa, Ъ, c) may constitute rem­
nants of previously specified segments. In U.D.A.'s sometimes Al spines 
or poorly differentiated cephalic markers have been found in or anter­
ior to the postenormost segments of a supernumerary abdomen, respec­
tively. These markers never showed cuticular contact with the contra­
lateral cephalon, which excludes transverse regulation or induction of 
new cephalic markers from the original half. They suggest that polari­
ty reversal has started when the anterior blastoderm cells were being 
committed to form the segments which m the normal larva are located 
most anteriorly. This would seem to lend some support to the idea of a 
stepwise anteroposterior progression of segmental commitment, which is 
one of the assumptions in the application of the lateral inhibition 
model to insect pattern formation (Meinhardt, 1977)· This would imply 
segmental commitment prior to the blastoderm stage, because some of 
these "out-of-place" segments were obtained after temporary constric­
tion during early nuclear migration. However, the assumption is clearly 
Fig. 4 
a, c : Ventral aspects of larvae with tandem duplications, a: U.D.A. 
with Sp/p1 passing in dorsoventral direct ion (dorsal side not shown) 
between the cut icular markers of segments A1. Sp/p2 passes between the 
markers of segments A1 (ventra l ly) , A2 ( l a t e r a l l y ) and A3 (dorsal ly : 
not shown), c: B.D.A. with Sp/pl-3 located in segments Al, A1-A4, and 
A1, respectively, and with only one Sp/p in segments Al and T3 on the 
contra la tera l s ide . Sp/p2 runs through fused stigmata of segments A3 
and A4· This transverse rather than longitudinal arrangement of s t i g ­
mata probably resu l t s from the lack of space to accommodate the dupl i­
cated s t ructures in t h i s cut icular area, b : Ventral aspect of U.D.A. 
with symmetry plane in segment T3 for a l l le f t u n i l a t e r a l markers ex­
cept the ventral microchaetae and b r i s t l e s . Segment T3 of the original 
abdomen i s not duplicated, but anter ior to i t segment Al of the super-
numerary abdomen i s located. Note location of A1 adjacent t o T2 on the 
non-duplicated side and showing opposite element polar i ty of ventral 
microchaetae (arrows). 
Abbreviations: see Fig. 2. Phase-contrast, yellow-green f i l t e r . 
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at variance with well established evidence that segmental commitment 
occurs during blastoderm formation in Qncopeltus (Lawrence, 1973a) and 
in Drosophila (Wieschc.us and Gehrmg, 1976; Steiner, 1976; Lawrence 
and Morata, 1977)· Moreover, the putative "jumps" in the morphogen 
gradient which one WOT. Id expect with some types of inconsistency would 
not remain stable til] blastoderm formation. Alternatively, early tem-
porary constriction nright create corditions necessary for polarity re-
versal, whereas the actual reversal is postponed until shortly before 
blastoderm formation (for details see Van der Meer, 1978b, d). At that 
time a reversed morphogen gradient might interfere with segmental com-
mitment in such a way (a) that the intrasegmental gradients of some 
previously committed segments may still be reversed (Fig. 1: types IIa, 
b, IVb) but those of others no longer (Pig. 1: types IVa, c); and (b) 
that sequence polarity can be reversed leaving the intrasegmental gra-
dients unaffected (Fig. ^'· types Ilia, b, IVb). It is known that ele-
ment polarity can still be changed in a committed segment (for review 
see Lawrence, 1973b), but this is not so easy to conceive for sequence 
polarity. 
Although it is clear that the above inconsistencies cannot at pre-
sent be explained definitively, we may conclude that during experimen-
tally induced overall reversal of sequence polarity, element polarity 
in one or more segments can be uncoupled from it. Thus the conceptual 
distinction between these two polarity indicators introduced by Kalt-
hoff (1976) now acquires an experimental basis. 
In previous studies of segment pattern formation in Gal1osobruchus 
(Van der Meer, I978d) we have used the larval segment order (sequence 
polarity) as an indicator for an underlying polarizing mechanism in 
the egg. In almost all double abdomens element polarity conformed to 
sequence polarity, indicating that the putative primary morphogen gra-
dient in the egg has a strong polarizing effect on the secondary, in-
trasegmental gradients. In the double abdomens of Callosobruchus the 
inconsistencies do not invalidate the use of sequence polarity as an 
indication for egg polarity, because they were always clearly recogni-
zable as exceptions. 
Tandem duplication 
Tandem duplication has also been observed after oblique cutting of the 
unsegmented, short-germ anläge of Tachycmes (Krause, 1934: Fig. 2?)· 
Here, it was found only in the abdomen, the segments of which are 
thought to be sequentially specified as the abdominal anläge grows out 
(Krause, 1962; Sander, 1976). Both the normal formation of the abdomi-
nal segments and the tandem duplications may be due to intercalary re-
generation. The latter would be initiated by wound healing between em-
bryo parts originating from different body levels, as in the regenera-
tion of insect and amphibian limbs and Drosophila imaginai discs 
(French et al., 1976). However, tandem duplication m Callosobruchus 
is unlikely to result from wounding of the germ-band followed by cell 
proliferation and intercalary regeneration, because it originated from 
temporary constriction in much earlier, i.e. nuclear migration stages. 
Incidentally, it should be noted that duplication of or within single 
segments is excluded as an explanation for tandem duplication, both in 
Tachycmes and Cal los obruchus, because several segments can be invol-
ved (Fig. 4a, cj". 
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An alternative explanation may Ъе provided by the lateral inhibiti­
on model (Meinhardt, 1977)» which can also formally describe polarity 
reversal in С al1osobruchus (Van der Meer, 1978d). Temporary constrict­
ion prior to blastoderm formation may produce a symmetrical morphogen 
distribution as a result of the induction of a secondary activation 
peak m the anterior half of a posterior egg fragment (see Introduct­
ion). A periodic inhibitor pattern might result if a relatively large 
anterior part would be excluded from the effect of the inhibitor on 
activator production. The resulting near-uniform inhibitor/activator 
distribution would allow several activation peaks to arise. They would 
have to appear simultaneously, because otherwise the primary peak would 
inhibit secondary activation in its immediate vicinity. 
The periodic pattern can, but need not be very regular. If the peaks 
are close to each other, their mutual inhibition would prevent abdomi­
nal segments from being formed at all (Meinhardt, personal communica­
tion). This would be due to the accumulation of inhibitor between two 
activation peaks, which would prevent maximum activator levels from 
being reached. Thus the negative feed-back of inhibitor on itself would 
result m the absence of the higher concentration ranges thought to 
specify abdominal segments. In fact, tandem duplications have been ob­
served only to involve the segments of the thorax and the first abdo­
minal segment. 
The resulting periodic morphogen distribution should of course re­
main stable until segmental commitment occurs during blastoderm forma­
tion. Incidentally, it should be noted that a single secondary activa­
tion at some distance from the constriction region would result in two 
consecutive symmetry planes, as in the case shown by Fig. 4a. 
It will be clear that in a posterior partial egg fragment the ex­
clusion of its anterior part from the inhibitory effect cannot be due 
to its enlargement by growth. Neither can it be due to the closure of 
anisotropically aligned, intercellular junctions to the passage of in­
hibitor molecules, as suggested by Gierer (1977) for Hydra. If this 
were so, the reduction of effective inhibitor diffusion in the longi­
tudinal egg dimension would of course preclude reversal of segment or­
der over extended areas, as observed in the usual type of double abdo­
men and in those unilaterally restricted tandem duplications which 
show a reversal encompassing several segments (Fig. 4c). Moreover, it 
is difficult to see why temporary constriction would induce closure of 
anisotropically aligned intercellular junctions. 
The fact that more than the normal nineteen segments are formed in 
a posterior egg fragment which without polarity reversal would produce 
much less than nineteen segments, confirms a similar observation m 
double abdomens without tandem duplication (Van der Meer, 1978d). It 
was concluded that the number of segments specified does not depend on 
the available egg space but on the range of concentrations covered by 
the morphogen gradient. 
The occasional association of inconsistent sequence and element po­
larity (see previous section) with tandem duplication suggests a com­
mon origin. It is conceivable that a relatively late-appearing perio­
dic morphogen distribution might interfere with segmental commitment 
during blastoderm formation, resulting in incomplete tandem duplica­
tion, with sequence or element polarity being inconsistent with over­
all reversal of sequence polarity. 
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GENERAL SUMMARY 
The effect of transverse constr ict ion of the egg of the pea-beetle 
Calloso"bruchus maculât us Fabr. on the development of metamerie order 
in the larva was studied. Constriction with a blunted razor blade d i -
vides the egg transversely into an anter ior and a posterior egg frag-
ment. Four different types of constr ic t ion were applied, v iz . complete 
and incomplete permanent constr ict ion, and complete and incomplete 
temporary constr ic t ion. Uith permanent constr ict ion the razor blade is 
not removed before the final product of embryogenesis, i . e . the f i r s t 
ins tar larva, is reached. With complete constr ict ion the only apparent 
connection between the two egg fragments i s a double layer of chorion 
and v i t e l l i n e membrane. The oolemma is severed and surrounds the yolk 
endoplasm in each of the two fragments. With incomplete constr ic t ion a 
narrow s l i t i s left under the razor blade, leaving the two egg frag-
ments connected by a narrow zone of yolk endoplasm with the oolemma 
remaining continuous under the razor blade. With temporary cons t r i c t -
ion the razor blade is removed before cu t icu lanzed par t i a l larvae 
have developed in the egg fragments. In the experiments reOorted here, 
temporary constrict ions were not removed l a t e r than at the ce l lu la r 
blastoderm stage, when the spat ia l order of the future segments i s de-
f in i t ive ly established. 
The effect of a constr ic t ion, whether permanent or temporary, on sub-
sequent development depends on i t s level , stage and duration. After 
ear ly, near-equatorial constr ict ion one of the two egg fragments wil l 
be devoid of nuclei , because these populate only a small part of the 
egg. Either an anter ior or a poster ior "unipar t i te blastoderm" ensues, 
which develop into an anter ior or poster ior pa r t i a l larva, respect ive-
ly . This i s called "al ternat ive development". Later m development, 
when the nuclei have populated a larger part of the egg, "simultaneous 
development" of both fragments m one egg occurs. A "b ipar t i t e b las to-
denii" i s formed, each half of which develops into a pa r t i a l larva. But 
when the level of constr ict ion is near the posterior or anter ior egg 
pole (0 and 100% egg length, respect ively) , the smaller fragment again 
remains devoid of nuclei and for that reason alone may fa i l to develop. 
After brief (5 mm.) constr ict ion the egg fragments frequently re-fuse, 
reconst i tut ing a normal egg. With increasing duration of const r ic t ion, 
but with de const n e t ion not l a t e r than during ce l l u l anza t i on of the 
blastoderm, the fusion frequency decreases and e i ther the anter ior or 
the posterior egg fragment, or both, continue t he i r develooment sepa-
ra t e ly . With a l ternat ive development one of the two fragments stops 
developing, resul t ing at the blastoderm stage in a d is t inc t ext rablas-
todermal yolk mass showing signs of degeneration. The difference to 
permanent constriction i s that in most cases physical contact continues 
to exist between two members of a b ipa r t i t e blastoderm or between the 
un ipar t i t e blastoderm and i t s decaying extrablast odermal yolk mass. 
In preliminary experiments the effect of permanent, complete cons t r ic -
t ion on the segment numbers formed was analysed at two stages, v iz . 
the germ-band stage, when the segments f i r s t appear, and the f i r s t -
m s t a r larva, when the segments are cu t icu lanzed . No significant dif-
ferences in segment numbers appeared between the two stages of analy-
s i s , and the resul ts of a l l subsequent experiments were therefore ana-
lysed m the f i r s t larval i n s t a r . Here the presence of segment-specific 
176. 
cut icular markers such as b r i s t l e s e t c . considerably enhanced the ac-
curacy and "resolution power" of the analysis . In the ser ies of perma-
nent, complete constr ict ions the numbers of segments formed in the egg 
fragments v/ere compared among successive stages of development. Early 
constr ict ion resul ted m the formation of fewer segments than l a t e con-
s t r i c t i o n , both in anter ior and in posterior fragments. The segments 
missing in both fragments together, const i tute the so-called segment 
gap. A d is t inc t increase in segment numbers m both anter ior and post-
er ior fragments occurred only after the young syncytial blastoderm 
stage. In anter ior fragments t h i s increase appeared a few hours e a r l i -
er (middle syncytial blastoderm steige) than in posterior fragments 
(ce l lu la r blastoderm s tage) . The re la t ion between the size of the seg-
ment gap and the stage and level of constrict ion was studied in eggs 
showing b ipa r t i t e development. For anyone constr ict ion leve l , in the 
stages of blastoderm formation the gap size decreased to less than one 
segment on the average. For anyone constr ict ion stage up to the middle 
of the syncytial blastoderm stage, the gap size decreased from about 9 
down to 0 segments between 35 and 85$ egg length. 
In contrast , af ter temporary, complete constrict ion prior to the young 
syncytial blastoderm stage s ignif icant ly more segments were formed m 
both anter ior and poster ior fragments than with corresponding perma-
nent constr ic t ion. This increase was most pronounced in anter ior egg 
fragments; i t no longer occurred with constrict ions applied in the 
young syncytial blastoderm stage or l a t e r . In these stages the number 
of segments formed af ter deconstnct ion was lower than after e a r l i e r 
constr ic t ion. 
I t was shown that the fa i lure to form two complementary sets of seg-
ments (gap phenomenon) can resul t from interference with processes 
other than segment specif icat ion. With permanent and temporary comple-
t e constr ic t ion, as well as with permanent incomplete constr ic t ion, 
damage to the s t ructure of the ooplasm and disturbance of a morphoge-
ne t ic process regularly resulted in the complete or pa r t i a l 
absence of segments. To t e s t whether the gap phenomenon resu l t s solely 
from damage to the structure of the egg or also from damage to p u t a t i -
ve prelocalized segment determinants, eggs were only br ief ly const r ic-
ted . Many larvae with complete segment patterns developed from eggs in 
which the anter ior and poster ior ooplasm had re-fused, even after l a te 
deconstnct ion and i rrespect ive of any s t ructural changes that might 
pers is t af ter complete re-fusion. This showed that direct damage to 
putative prelocalized segment determinants i s an unlikely explanation 
for the gap phenomenon. This conclusion is supported (1) by l ight and 
electron microscopic observations, which did not reveal injury to 
blastoderm ce l l s formed on e i ther side of the constr ict ion and, (2) by 
the way in which the gap size changes at different levels and stages 
of constr ic t ion, with both permanent and temporary complete cons t r ic -
t ion . 
Apart from the usual spa t ia l type of segment gap, temoorary cons t r ic -
t ion also resulted in so-called "non-spatial" gaps. These consist of a 
physically united ser ies of segments with a group of segments missing 
in between. "Multiple gaps" were also fourd, which consist of more 
than one spat ia l or non-spatial gap, or both, in the same array of 
segments. Non-spatial gaps developed in eggs which re ta in a character-
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istic transverse zone located in the former constriction region. Such 
a zone can Ъе formed in a cleft which is left in the yolk material as 
a result of incomplete fusion after de const net ion. The cleft becomes 
filled with yolk-free ooplasm and is probably stabilized by locally 
degenerated yolk endoplasm or remnants of the oolemma. It either re­
mains free of nuclei or becomes syncytial or cellular. The multiple 
and non-spatial gaps show that constriction can inflict damage upon 
the structure of the egg, which may become permanent depending on me­
chanical and physical properties of the ooplasm. Secondary interferen­
ce of such damage either with epigenetic specification of metamerie 
order or with prelocalized segment determinants can produce a segment 
gap. However, many cases of duplication with partial reversal cf seg­
ment order occurring after temporary constriction and affecting large 
series of segments (see below) provided conclusive evidence for an 
overall, epigenetic control of segment specification. They also sup­
port the interpretation of spatial, non-spatial and multiple gaps in 
terms of such overall control. 
Partial reversal of segment order occurred only m larvae which devel­
oped from unipartite posterior blastoderms. Two types of double abdo­
mens are produced. In both, cephalic and thoracic segments are re­
placed by arrays of abdominal segments showing precise mirror image 
symmetry with respect to the original abdomen. The two types differ 
with respect to pattern expression around the (transverse) circumfer­
ence of the larval body. In one type both sides of the body are affec­
ted, in the other only the left or the right half. The effect of level, 
stage and duration of constriction on double abdomen production was 
studied. Prior to the nuclear migration stage with 16 to 32 nuclei, 
double abdomen frequency did not differ among stages, but from this 
stage onwards its frequency fell to almost zero with constriction ap­
plied in blastoderm stages. Polarity reversal was at a maximum (90%) 
with constriction slightly anterior to the egg equator during the 
2 to 4 nuclei stages. Prior to the 16 to 32 nuclei stage, bilateral 
double abdomens are on the average formed in slightly smaller egg frag^ 
ments than unilateral ones. 
Polarity reversal and the spatio-temporal dynamics of the segment gap 
after both permanent and temporary constriction were formally describ­
ed in terms of the "lateral inhibition" model. According to this model 
the position-dependent concentration ranges of a morphogen, distribu­
ted m graded fashion with a posterior maximum, provide instructions 
to sets of blastoderm cells to form specific segments. The following 
two possibilities were discussed. First, with permanent constriction 
the temporal dynamics of the segment gap during blastoderm formation 
may reflect the progressive transport of segmental instructions through 
the egg to their proper positions. Secondly, constriction, whether per­
manent or temporary, may interfere with an already definitive morpho­
gen distribution leading to a new equilibrium. In the latter case the 
spatio-temporal dynamics of the segment gap is assumed to result from 
the interference of cellular segmental commitment with the redistribu­
tion of morphogen involved in attaining the new equilibrium. Polarity 
reversal can be described as a more severe consequence of the process 
that resulted in the smaller segment gap after temporary complete con­
striction. In this case a symmetrical morphogen distribution is indu­
ced by temporary constriction, leading to a symmetrical (mirror-image) 
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segment p a t t e r n . Three additional assumptions must then Ъе made: ( l ) 
m both poster ior and m anter ior egg fragments the morphogen level 
i n i t i a l l y f a l l s on the side of the constr ict ion; (2) in a number of 
cases t h i s level may subsequently r i se again; and (3) the i n i t i a l mor­
phogen decrease s t a r t s only af ter de const n e t ion. I t i s suggested that 
the presence of a degenerating extrablastodermal yolk mass is required 
for the i n i t i a l decrease of the morphogen leve l . 
Analysis of cut icular deta i l s m double abdomens showed an average 
constant posit ion of the transverse plane of mirror-image symmetry, 
despite varying the stage and duration of const r ic t ion. The symmetry 
plane's average position changed with varying constr ict ion le ' -1 in 
b i l a t e r a l , but not in u n i l a t e r a l double abdomens. Average positions 
of symmetry planes had to be calculated, because a par t icu lar plane 
can shift longitudinal ly over a distance of several segments. The f in­
ding that these shif ts mostly occurred along the medial plane of the 
larva, together with cases of u n i l a t e r a l polar i ty reversal are i n t e r ­
preted to indicate polarized transport of segmental instruct ions in 
the poster ior egg fragment. The following observations f i t into t h i s 
i n t e r p r e t a t i o n : ( l ) cases of additions and changes of cut icular mark­
ers over a distance of several segments which were confined to p a r t i ­
cular longitudinal rows of markers, and (2) a larva showing a non-
spat ia l segment gap which differed in size and posit ion on the left 
and right s ide . The resu l t s are compatible with the l a t e r a l inhibit ion 
model for segment pattern formation m insects if the morphogen carry­
ing the segment-instructing signals i s not freely diffusible and if 
i t s spat ia l d i s t r ibut ion is changed by temporary constr ic t ion. I t was 
also found that the orientation of segment-specific markers such as 
b r i s t l e s e t c . ("element polar i ty") or the spat ia l order of some larval 
segments ("sequence polar i ty") are sometimes exempted from overall r e ­
versal of sequence polar i ty . This means that mtrasegmental element 
polar i ty can to a certain extent be uncoupled from suprasegmental se­
quence polar i ty , at least under experimental conditions. That t h i s is 
an exceptional event suggests that m normal embryogenesis the primary 
morphogen gradient m the egg polarizes the secondary mtrasegmental 
gradients . Some double abdomens showed several polar i ty reversals in 
tandem arrangement. Their occurrence was expected on the basis of pe­
r iodic morphogen patterns thought to be produced by l a t e r a l inhibit ion 
over a reduced range. 
Prom both the permanent and the temporary constr ict ions i t appears 
that the transverse body pattern becomes def ini t ively established la­
t e r in development than the longitudinal body pat tern . However, the 
resu l t s do not provide consistent and conclusive evidence for a u a r t i -
cular spatio-temporal sequence in the specif ication of the transverse 
pa t te rn . 
In a l imited number of temporary constr ict ions the occurrence of de­
velopmental ar res t and subsequent death of egg fragments at c r i t i c a l 
stages of development after deconstnct ion was analysed. I t is con­
sidered that a se lect ive enhancement of certain types of abnormal pat­
t e r n may resul t from a higher death rate in certain other types. The 
effect t h i s may have had on the resu l t s presented here was discussed. 
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ALGEMENE SAMENVATTING 
Het onderhavige onderzoek houdt zich bez ig met de b e s t u d e r i n g van de 
invloed op het segmentρatroon van overdwarse afklemming van h e t e i van 
de erwtenkever, Gallosobruchus maculatus Fabr . Het e i werd met een af­
gestompt scheermes overdwars v e r d e e l d in een voor- en een a c h t e r h e l f t . 
Er werden v i e r v e r s c h i l l e n d e typen van afklemming t o e g e p a s t , t e weten 
v o l l e d i g e en onvol ledige permanente afklemming alsmede v o l l e d i g e en 
onvol ledige tijdelijke afklemming. Bij de permanente afklemming wordt het 
scheermes pas verwijderd, nadat het eindstadium van de embryogenese, 
namelijk het eerste larvale stadium, i s bereikt . De enige verbinding 
tussen beide eihelften bij volledige afklemming bestaat u i t twee lagen 
van het chorion en twee lagen van de v i t e l l i e n e membraan. De eicelmem­
braan wordt volledig m tweeën gedeeld en begrenst m beide eihelf ten 
de eidooier. Bij de onvolledige afklemming blijven beide eihelften met 
elkaar verbonden door middel van de eicelmembraan en een smalle strook 
dooierendoplasma m een smalle spleet onder het scheermes. Het scheer-
mes wordt bij de tijdelijke afklemming verwijderd, vóórdat de onvolledige 
embryo's m de eihelften een cut ícula hebben gevormd. In dit onderzoek 
werden afklemmingen niet veel l a t e r opgeheven dan in het stadium waar-
in het toekomstige segmentpatroon def in i t ie f wordt vastgelegd. Dit is 
tijdens de vorming van het ce l lu la i re blastoderm. 
De invloed van zowel permanente als tijdelijke afklemming op de direct 
daaropvolgende ontwikkelingsprocessen wordt onder andere bepaald door 
de p laa t s , het stadium en de duur van de afklemming. Na vroege afklem-
ming in het equatoriale eigebied blijft altijd één van beide eihelf ten 
kemloos. De oorzaak hiervan i s dat de kernen nog slechts een beperkt 
gedeelte van het ei bevolken. Dit resu l teer t m de ontwikkeling van óf 
de voor- bf de achterhelft van het blastoderm, waaruit respectievelijk 
een voorste of een achterste onvolledige larve onts taat . Dit wordt 
aangeduid met de term "al ternat ieve ontwikkeling". Gelijktijdige ontwik-
keling van een voor— en achterhelft van hetzelfde ei ("simultane ont-
wikkeling") treedt l a t e r m de ontwikkeling op, wanneer de kernen ver-
spreid zijn over een groter gedeelte van het e i . Er wordt dan een twee-
delig blastoderm gevormd, waarvan elke helft zich ontwikkelt to t een 
onvolledige larve . Ook hier kan echter al ternat ieve ontwikkeling op-
treden, wanneer de afklemming plaatsvindt vlakbij één van beide eipolen. 
De k le ins te eihelf t blijft immers ook dan nog verstoken van kernen. Pu-
sering van twee eihelf ten, gevolgd door de vorming van een ogenschijn-
lijk normaal blastoderm, t reedt vaak op na kortdurende (5 mm.) afklem-
ramg. Langere afklemduur resul teer t in een toename van a l te rnat ieve en 
gelijktijdige ontwikkeling van eihelften ten koste van het aantal fusies. 
Dit onder voorwaarde dat de afklemming wordt verwijderd vóór het ce l lu-
l a i r e blast ode rmstadium. Bij a l ternat ieve ontwikkeling is het zich niet 
ontwikkelende deel steeds aanwezig a ls een zogenaamde extrablastoder-
male dooiermassa. Deze vertoont duidelijke kenmerken van dooierafbraak. 
Het verschil met permanente afklemming i s , dat hier m de meeste ge-
vallen fysisch contact bestaat tussen de extrablastodermale dooiermas-
sa en één eihelft of tussen beide e ihelf ten. 
Met een aantal inleidende permanente afklemmingen werd nagegaan of het 
stadium waarin het segmentpatroon wordt geanalyseerd, van invloed kan 
zijn op het r e su l t aa t . S ta t i s t i sch signif icante verschil len in gemid-
delde aantallen segmenten werden nie t aangetroffen tussen analyse m 
het kiemstreepstadium, waarin de segmenten voor het eerst morfologisch 
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van e lkaa r worden afgegrensd, en in het e e r s t e l a r v a l e stadium, waarin 
de c u t í c u l a wordt gevormd. Alle r e s u l t a t e n in d i t onderzoek werden 
daarom geanalyseerd m het e e r s t e l a r v a l e s tadium. Door de aanwezig-
h e i d van, voor e lk segment, k a r a k t e r i s t i e k e c u t i c u l a i r e merkers van 
c e l d i f f e r e n t i a t i e , zoals bijvoorbeeld b o r s t e l s , werd een aanzienlijke 
verhoging van de nauwkeurigheid en het "oplossend vermogen" van de 
methode van analyse b e r e i k t . Van achtereenvolgende on twikke l ingss t ad ia 
werden de a a n t a l l e n segmenten, gevormd na permanente afklemmmg, met 
e l k a a r verge leken . Na vroege afklemmmg werden minder segmenten aange-
t r o f f e n in zowel voor - a l s a c h t e r h e l f t e n dan na l a t e afklemmmg. Het 
t o t a a l aan ta l ontbrekende segmenten m beide e i h e l f t e n i s het zoge-
naamde segmenthiaat . Zowel m voor- a l s in a c h t e r h e l f t e n spee±u de 
toename van het a a n t a l segmenten zich voomamelijK ai" na de vorming van 
he t vroege s y n c y t i ë l e b las toderm. Deze toename begint e c h t e r m voor-
h e l f t e n enkele uren ee rde r (midden-syncyt ieel blastoderm) dan m ach-
t e r h e l f t e n ( c e l l u l a i r b l a s tode rm) . Bij e i e r en met gelijktijdige ontwikke-
l i n g van beide e i h e l f t e n werd nagegaan of e r een verband bes t aa t t u s -
sen de g roo t t e van het segmenthiaat enerzijds en het stadium en de 
p l a a t s van afklemmmg anderzijds. Voor een gegeven afklemplaats nam de 
omvang van het segmenthiaat af t o t minder dan gemiddeld één segment. 
Deze afname was natuurl i jk ook beperkt t o t b l a s tode rms t ad i a . Voor een 
gegeven afklemstadium voorafgaand aan de blastodermvorming nam het 
segmenthiaat af van ongeveer 9 t o t 0 segmenten bij v e r p l a a t s i n g van de 
afklemming van 35 naar 85$ van de e i l e n g t e ( p o s t e r i o r p o o l : Ofa). 
Ha tijdelijke, vo l l ed ige afklemmmg werden zowel in voor - a l s m a c h t e r -
h e l f t e n aanzienlijk meer segmenten gevormd dan na vergeli jkbare perma-
nente afklemmmg. Deze toename v/as het s t e r k s t m voorhe l f t en en t r a d 
n i e t meer op na afklemmmg m het stadium van het pasgevormde, syncy-
t i ë l e blastoderm of l a t e r . 
Aangetoond werd dat v e r s t o r i n g van andere processen dan die welke het 
segmentpatroon s p e c i f i c e r e n , ook een segmenthiaat t o t gevolg kan heb-
ben. Zowel na v o l l e d i g e (permanente en tijdelijke) a l s na onvol ledige 
(permanente) afklemmmg kan de s t r u c t u u r van het e i blijvend beschadigd 
zijn. Ook kunnen morfogenetische processen worden v e r s t o o r d . In beide 
geva l len kan een v o l l e d i g e of gedeel tel i jke u i t v a l van segmenten het 
gevolg zijn. Om na t e gaan of het segmenthiaat u i t s l u i t e n d het gevolg 
i s van beschadiging van de e i s t r u c t u u r of OOK van beschadiging van een 
hypothe t i sch mozaïek van segmentdeterminanten, werden kortdurende af-
klemmingen u i tgevoe rd . Aanzienlijke a a n t a l l e n la rven met v o l l e d i g e seg-
mentpatronen ontwikkelden zich na fuse r ing van voor- met a ch t e rhe l f t en . 
Dit gebeurde ook nog na l a t e ontklemmmg. Hiermee wordt de v e r k l a r i n g 
van het on ts taan van een segmenthiaat t e n gevolge van beschadiging van 
ge loka l i s ee rde segmentdeterminanten onwaarschijnlijk. Deze conclus ie 
wordt ondersteund ( l ) door l i c h t - en e lekt ronenmicroscopische waarne-
mingen, d ie aantoonden dat b las todermcel len aan weerszijden van de af-
klemming meestal onbeschadigd blijven en (2) door het ver loop m omvang 
van het segmenthiaat met v e r s c h i l l e n d e p l aa t s en en s t a d i a van zovrel 
permanente a l s tijdelijke afklemming. 
Behalve het "gewone" type segmenthiaat werd na tijdelijke afklemming ook 
het zogenaamde "met - ru imte l i jke h i a a t " gevonden. Hi3t gaat h i e r om een 
fys i sch aaneengesloten rij van segmenten, waarin e r één of meer kunnen 
ontbreken. "Veelvoudige h i a t e n " , dat wil zeggen meerdere segmenthiaten 
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van zowel het ruimtelijke a l s het me t - ru imte l i j ke type in één o n v o l l e -
dige l a r v e werden ook aange t rof fen . ÏTiet-ruimtelijke h i a t en onts taan 
wanneer na ontklemmmg een spec i a l e dwarszone m het e i achterbl i j f t op 
de vroegere p l a a t s van afklemming. Deze zone o n t s t a a t v/aarschijnlijk in 
een s p l e e t , die t en gevolge van onvol ledige fus ie achterbl i j f t in de 
doo ie r . De sp l ee t zou zich vu l l en met doo ie rvn j eiplasma en wordt waar-
schijnlijk g e s t a b i l i s e e r d door p laa tse l i jk gedegenereerd dooierendoplasma 
of achtergebleven gedeel ten van de eicelmembraan. Kernen kunnen in de 
dwarszone terechtkomen zodat deze s y n c y t i e e l of c e l l u l a i r kan worden; 
ze kunnen de zone ech t e r n i e t pa s se ren . De me t - ru imte l i j ke en vee lvou-
dige segmenthiaten tonen aan dat de e i s t r u c t u u r blijvend beschadigd kan 
worden door afklemming, afhankelijk van de mechanische en f y s i s m e 
eigenschappen van het e iplasma. Deze s t r u c t u r e l e beschadigingen kunnen 
de vorming van een v o l l e d i g segmentpatroon verh inderen , zowel doordat 
ze het u i t v a l l e n van de hypothe t i sche segmentdeterminanten bewerks t e l -
l i gen a l s door v e r s t o r i n g van een g lobaal s p e c i f i c a t i e p r o c e s . Een be -
s l i s s e n d bewijs voor een globale wijze van segmentspec i f i ca t i e werd g e -
leverd door de omkering m volgorde van meerdere aaneengesloten s e g -
menten. Dit ondersteunt ook de i n t e r p r e t a t i e van de v e r s c h i l l e n d e t y -
pen van segmenthiaten m termen van een g lobaa l spec i f ica t iemechanisme. 
Qnkenng in de volgorde van segmenten t r a d u i t s l u i t e n d op in l a r v e n , 
die zich ontwikkelden m een a c h t e r h e l f t . Er werden twee typen dubbele 
abdomma gevormd. In beide zyn de ce fa le en t h o r a c a l e segmenten v e r -
vangen door abdominale segmenten, die een nauwkeurig sp i ege lbee ld v o r -
men van het oorspronkelijke abdomen. De twee typen v e r s c h i l l e n met be -
t r e k k i n g t o t de vorming van het c u t i c u l a i r e segmentpatroon langs de 
omtrek van de l a r v e . In het tweezijdig verdubbelde abdomen bes l aa t de 
omkering van de segmentvolgorde beide l i chaamshe l f t en , terwijl in het 
éénzijdig verdubbelde type s l e c h t s één van beide h e l f t e n bij de omkering 
i s be t rokken. De invloed van p l a a t s , stadium en duur van afklemming op 
de opbrengst van dubbele abdomma werd nagegaan. De f requen t i e van 
dubbele abdomma b leef constant m v e r s c h i l l e n d e s t a d i a voorafgaand 
aan dat met 16-32 kernen. Vanaf dat stadium daalde de f r equen t i e t o t 
bijna nul bij afklemming in b l a s tode rms tad i a . Een maximale opbrengst van 
93/& werd b e r e i k t bij afklemmmg even voor de e i - e q u a t o r m het stadium 
met 2-4 kernen. Voorafgaand aan het stadium met 16-32 kernen werden de 
tweezijdig verdubbelde abdomma gevormd in gemiddeld i e t s k l e i n e r e e i -
fragmenten dan de éénzijdig verdubbelde . 
Zowel de tijdruimtelijke wijzigingen m de omvang van het segmenthiaat 
a l s de omkering m segmentvolgorde konden worden beschreven met het 
model van de zogenaamde " l a t e r a l e remming". In d i t model ontvangt een 
groep b las todermcel len de i n s t r u c t i e t o t het vormen van een bepaald 
segment, van een plaats-afhankel i jk concen t r a t i egeb ied van een morfo-
geen. Dit morfogeen vormt in het e i een concen t r a t i eve rva l met een 
maximum aan de ach t e rpoo l . De volgende twee mogelijkheden worden be -
sproken. In de e e r s t e p l a a t s kan de dynamiek van het segmenthiaat bij 
permanente afklemming m b l a s t odermstadia een aanwijzing zijn voor het 
t r a n s p o r t van i n s t r u c t i e s voor segmentvorming naar de j u i s t e p o s i t i e s 
in het e i . In de tweede p l a a t s i s h e t , zowel bij permanente a l s t i jde-
lijke afklemmmg, ook mogelijk dat de afklemming het ver loop van een 
reeds bes taand concen t r a t i eve rva l van morfogeen v e r a n d e r t , zodat deze 
een nieuwe evenwichtsverde lmg aanneemt. In d i t geval zou de dynamiek 
van het segmenthiaat de gevolgen weerspiegelen van het n i e t t i jdig be -
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reiken van de nieuwe evenwichtsverdeling, voordat het proces van de 
onomkeerbare determinatie van de segmenteigenschappen van de b las to-
dermcellen begint . Omkering van de segmentvolgorde is dan een nog ver-
dergaande consequentie van éénzelfde proces, dat bij afwezigheid van 
omkering resu l tee r t in het verdwijnen van het segmenthiaat na tijdelijke 
volledige afklemming. Er zou dan een symmetrische evenwichtsverdeling 
van het morfogeen ontstaan, die resul teer t m een segmentpatroon met 
spiegelbeeldige symmetrie. Het model moet hiervoor worden aangevuld met 
de volgende hypothesen. Ten eerste moet de concentratie van het morfo-
geen aanvankelijk dalen in het gebied grenzend aan de afklemplaats, zo-
wel m voor- als achterhelften van het e i . Vervolgens moet deze concen-
t r a t i e in een aantal gevallen weer kunnen stijgen en t ens lo t t e ^ag de 
aanvankelijke daling in concentratie pas beginnen na ontklemmmg. De mo-
gelijkheid wordt geopperd, dat de extrablastodermale dooiermassa de con-
cent r a t l eda lmg van het morfogeen op gang brengt. 
Een detailanalyse van de cut iculaire merkers van ce ld i f fe ren t ia t i e in 
dubbele abdomma leverde de volgende resul ta ten op. De gemiddelde 
plaats van het dwarse symmetnevlak bleef constant wanneer het stadium 
of de duur van afklemming werden veranderd. Alleen m tweezijdige, maar 
niet m éénzijdige dubbele abdomma varieerde de gemiddelde plaats van 
het symmetnevlak met de afklemplaats. Ook t rad hoofdzakelijk langs de 
middellijn van de larve verschuiving op van het symmetnevlak over een 
afstand van meerdere segmenten. Samen met éénzijdige polantei tsomkeer 
wordt dit geïnterpreteerd als een aanwijzing, dat het transport van mor-
fogeen m de achters te eihelf t gericht i s . Ook kunnen hiermee worden 
beschreven de gevallen ( l ) van toevoegingen aan en wijzigingen in cu t i -
culaire merkers over een afstand van meerdere segmenten m slechts één 
longitudinale rij van merkers en (2) van een larve met een nie t - ruimte-
lijk segmenthiaat, dat aan de linkerzijde m plaats en omvang verschi l t 
van dat aan de rechterzijde. De resul taten van deze gedetail leerde ana-
lyse zijn verenigbaar met het l a t e ra le remmmgspnncipe wanneer wordt 
aangenomen dat het morfogeen niet vrij m het ei kan diffunderen en dat 
de ruimtelijke evenwichtsverdeling ervan door tijdelijke afkleraming wordt 
gewijzigd. In een aantal dubbele abdomma was óf de or iën ta t ie van de 
voor de segmenten karakter is t ieke merkers ("e lementpolante i t " ) , óf de 
ruimtelijke volgorde van de larvale segmenten ("volgordepolantei t") 
onverenigbaar met de globale omkering van de segmentvolgorde. Dit toont 
aan dat onder bepaalde proefomstandigheden een zekere ontkoppeling kan 
optreden tussen de intrasegmentale e lementpolante i t en de suprasegmen-
t a l e vo lgordepo lan te i t . Ook wordt hierdoor aannemelijk dat tijdens de 
normale embryogenese de primaire morfogeengradiënt m het ei een r ich-
tende invloed heeft op de secundaire intrasegmentale gradiënten. Enkele 
dubbele abdomma vertoonden meerdere omkeringen van de segmentvolgorde, 
gerangschikt achter e lkaar . Dergelijke repeterende omkeringen werden 
verwacht op grond van de eigenschap van het l a t e ra l e remmingsprincipe, 
dat meerdere pieken m concentratie van het morfogeen tegelijk ontstaan 
wanneer bepaalde gebieden van een embryonaal systeem aan de remmende 
invloed worden onttrokken. 
Zowel de permanente a ls de tijdelijke afklemmmgsproeven verschaften en-
kele incidentele gegevens over de speci f ica t ie van het dv;arse lichaams-
patroon, waaruit bleek dat de definii leve vastlegging ervan l a t e r 
plaatsvindt dan die van het longitudinale patroon. Overigens waren de-
ze gegevens onvoldoende om er een bepaalde tijdruimtelijke volgorde m 
het specificatieproces op te baseren. 
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In enkele proeven werden de eieren na ontklemming individueel geobser-
veerd in belangrijke ontwikkelingsstadia. De resul ta ten hiervan maakten 
onder meer een analyse mogelijk van het verschijnsel, dat in eihelften 
de ontwikkeling tot s t i l s t and kan komen, gevolgd door afs terving. De 
mogelijkheid van vertekening van de resul ta ten ten gevolge van het se -
lec t ie f u i tval len van bepaalde patroonafwijkingen werd besproken. 
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I 
Bestudering van het larvale segmenthiaat met de afklemtechniek dient altijd 
samen te gaan met controle-onderzoek naar andere oorzaken voor het ontstaan 
van een hiaat, dan verbreking van de communicatie tussen beide eidelen. 
Dit proefschrift. 
II 
De veronderstelling van een stapsgewijze, onomkeerbare determinatie van het 
segmentpatroon in Euscelis, die (1) zou beginnen ver voor de vorming van 
het cellulaire blastoderm en (2) in voor-achter richting zou verlopen is in 
strijd met achtereenvolgens (1) de resultaten van clonale analyse van de 
segmentvorming bij Oncopeltus en Drosophila en (2) experimenteel geïnduceerde 
embryonale ontwikkeling in extra-embryonale membranen van Tachycines. 
Meinhardt, H. (1977) J. Celi Sci. 23j 117-139. Lawrence, P.A. (1973) 
J. Embryol. exp. Morph. 30_: 681-699. Lawrence, P.A., Morata, G. (1977) 
Developm. Biol. 56^ : 40-51. Krause, G. (1958) Ergebn. Biol. 20_: 159-198. 
Dit proefschrift. 
Ill 
De verschillen in stadiumafhankelijkheid tussen de toename van segmentaantallen 
en het optreden van dubbele abdomina na tijdelijke afklemming maken het on-
waarschijnlijk, dat het veronderstelde morfogeen reeds vöör ovipositie een 
definitieve evenwichtsverdeling heeft in het ei. 
Meinhardt, H. (1977) J. Celi Sci. 23j 117-139. Dit proefschrift. 
IV 
De mogelijkheid van communicatie tussen de extra-embryonale dooiermassa en 
de zich ontwikkelende complementaire eihelft is een noodzakelijke voorwaarde 
voor de toename van de segmentaantallen en de omkering van de segmentvolgorde 
na tijdelijke afklemming. 
Dit proefschrift. 
V 
Indien een morfogeen betrokken is bij de specificatie van het larvale segment-
patroon, dan is deze na afklemming niet vrij diffundeerbaar in een achterhelft 
van het ei van Callosobruchus. 
Dit proefschrift. 
VI 
De mediane localisatie van (1) de grens tussen de éne larvale zijde met, 
en de contralaterale zijde zonder omkering van de segmentvolgorde in uni-
laterale dubbele abdomina en van (2) de verschuiving van het dwarse sym-
metrievlak in bilaterale dubbele abdomina, zijn niet het gevolg van een 
abnormale vorming van zowel de gastrulatiegroeve als de dorsale sluiting 
langs ongeveer dezelfde mediaan. 
Dit proefschrift. 
VII 
De omkering van de larvale segmentvolgorde, die optrad na diverse ingrepen 
bij eieren van Bruchidius (Jung en Krause), Smittia (Schmidt et al.) en 
Drosophila (Bownes en Sander) kan op dezelfde wijze tot stand gekomen zijn 
als bij Callosobruchus. 
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exp. Morph. 36: 394-408. Dit proefschrift. 
Vili 
Hoewel religieuze motieven als vooroordelen ongetwijfeld mede van invloed 
zijn geweest op het onstaan van een empirische natuurwetenschap, wordt dit 
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IX 
Het onderzoek van Mains, Eipper en Ling verleent aanzienlijke steun aan de 
opvatting, dat de hypofysaire hormonen corticotropine en de endorfines een 
gemeenschappelijke precursor hebben. 
Mains, R.E., Eipper, B.A. , Ling, N. (1977) Proc. Nat. Acad. Sci. U.S.A. 
74: 3014-3018. 
χ 
Het feit, dat recent onderzoek een heterogene moleculaire opbouw in het 
vlak van de celmembraan heeft aangetoond, rechtvaardigd een hernieuwd 
onderzoek naar de rol van de embryonale celmembraan bij het tot stand 
komen van ruimtelijke patronen van de celdifferentiatie. 
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Morph. 2_1_: 445-466. 
XI 
In wetenschappelijke discussies betreffende het zogenaamde scheppingsmodel 
en het zogenaamde evolutiemodel dient het begrip "model" vervangen te worden 
door het begrip "axioma". 
Bertels, K., Nauta, D. (1969) Inleiding tot het modelbegrip. W. de Haan, 
Bussum. van Delden, J.A. (1977) in: Schepping of evolutie. Argumenten 
voor en tegen de evolutietheorie, (red. J.A. van Delden) pp. 6,7. 
Oosterbaan & Le Cointre B.V. Goes. 
XII 
Mizukami en Satoh hebben bij de interpretatie van de resultaten van hun 
dissociatieproeven geen rekening gehouden met de aanwezigheid van twee 
celtypen in een gedissocieerd blastoderm van het rijstvisje Oryzias 
latipes. 
Mizukami, S. , Satoh, N. (1977) J. Embryol. exp. Morph. 40_: 265-270. 
XIII 
Uit de oud-nederlandse zegswijze "er is geen kop of staart aan te vinden", 
blijkt het bestaan van een diep gewortelde maatschappelijke behoefte aan 
onderzoek op het gebied vein de ruimtelijke celdifferentiatie. 
Nijmegen, 2 januari 1978 J.M. van der Meer 





